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57 ABSTRACT

An electronic component supplying apparatus including a
frame member, component supplying units each including a
movable member movable along a reference line, first drive
sections each provided on a corresponding one of the
movable members of the units, a second drive section
provided on the frame member, first control devices each
provided on the corresponding one movable member, a
power source, a second control device provided stationarily
relative to the frame member, a supplying device which
includes a first supplying section provided on the frame
member and second supplying sections each provided on the
corresponding one movable member, has no wire connection
between the first supplying section and the each second
supplying section, and supplies the electric energy from the
power source to the each first control device, while permit-
ting the one movable member to be moved along the
reference line, and a transmitting device which includes a
first transmitting section provided on the frame member and
second transmitting sections each provided on the corre-
sponding one movable member, has no wire connection
between the first transmitting section and the each second
transmitting section, and transmits, from the second control
device to the each first control device, information needed to
control the each first drive section, while permitting the one
movable member to be moved along the reference line.

13 Claims, 8 Drawing Sheets

86



U.S. Patent Sep. 7, 1999 Sheet 1 of 8 5,949,681




5,949,681

Sheet 2 of 8

Sep. 7, 1999

U.S. Patent

39IA30 NOILVIINNWAOD
J43d5-HOIH 1VIHdS AVM-OML



U.S. Patent Sep. 7, 1999 Sheet 3 of 8 5,949,681




U.S. Patent Sep. 7, 1999 Sheet 4 of 8 5,949,681

ar | FIG. 4

CONTROLLER

HIGH- FHEQUENCY
INDUCTION POWER

COMMUNICATION CNTHOL SECTION
GENERATION
CONTROLLER

TWO-WAY SERIAL HIGH-SPEED
COMMUNICATION DEVICE
_ -
| ] ~—t-s
_-. 1 10
I -

VOLTAGE COMMUNI-

CONTROL CATION
DEVICE | SECTION

108

112 158 _
O | 72| 70 72| 707 721797 72
COMMUNI- COMMUNI- COMMUNI- | | -
CATION CATION CATION Cgkwgﬁl
SECTION SECTION SECTION SECTION
CONTROL CONTROL CONTROL CONTR -
| SECTION SECTION SECTION SECTlcl)\IL
46 74 46 74 46 46 74

TABLE
MOVING
SERVO-
MOTOR

TABLE
MOVING

SERVO-

ABSOLUTE
ENCODER

ABSOLUTE
ENCODER

HCOMPUTER: I

REAR CAR-
TRIDGE SENSOR

o
.3
=
(_)LLI
T
=TIY
<[
T O
o
o
—

S
D
S hT
e D
21
OB
T
b
—

TRIDGE SENSOR
FRONT CAR-
TRIDGE SENSOR

FRONT CAR-

DISTANCE

5] o 4 2] oG 2] o 2| e o
40,42
SENSOR SENSOF e

64




5,949,681

Sheet 5 of 8

Sep. 7, 1999

U.S. Patent

) o oo MR | P
| G 96 A1ddNS |
P L "INJHHNO WNDIS (B X
“ " NOILYHIO | |2] =
“ Q5N
" IO
l - =
m dOLVHINID | | [SEE
| ANYIWNOD wO=
" A1ddNS-INFdHNO |-HE2S
“ = IHE
| 2w |S | psL [TI=T
051 o | Ea
8f QT | &
@.V —i— CcH
o |wzT 95
o> L
-,
_ orlL LS
H3LHIANOD
ONIZIIFYLS
39V1TOA

G Old

el -_— —

— e rry=—ili—

JN0OHOL
S

__%'*“I
COMMAND «

. 1401 dOLVI|L
o_./__«__v_‘w‘_wo "N34344id

A

1YNDIS
1Od1NOD

HITI0HINOD
NOILYHINID
| |43MOd NOLLONGNI

AININOIH4-HOMH

JOHNOS
d3MOd

9/

-

0,

SIGNAL



U.S. Patent Sep. 7, 1999 Sheet 6 of 8 5,949,681

140\' 110

DIRECT VOLTAGE

CONTROL
VOLTAGE

o
<
™
)
<
—
D

CONVERTER

146



U.S. Patent Sep. 7, 1999 Sheet 7 of 8 5,949,681

i

CONTROL
VOLTAGE

CURRENT-
SUPPLY

COMMAND
GENERATOR

L- ‘
|
“
| .
!
|
|
!
!
|
|
|
|
|
| - ek el e e T

_{_ — NOWIRECONNEGTIO
..... INFORMATION TRANSMITFING DEVICE|

]
I

HIGH-FREQUENCY
INDUCTION POWER
GENERATION CONTROLLER
R
L . __I

COMMAND
VALUE

CONVERTER
206

=
™~
=
<
e
N

DA

204

COMPUTER

-
|
I
I
|
|
I
I
I
I
|
I
I
)
i
|
|
i ..

T mhl sl —

POWER
SOURCE




U.S. Patent Sep. 7, 1999 Sheet 8 of 8 5,949,681

216 218 210

222 _/



3,949,681

1

ELECTRONIC-COMPONENT SUPPLYING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an electronic component

supplying apparatus which employs a plurality of units for
supplying electronic components.

2. Related Art Statement

There is known an electronic component (“EC”) supply-
ing apparatus including a plurality of EC supplying car-
tridges each of which 1s selectively moved to an EC sup-
plying position for supplying ECs. Each of the cartridges
carries a number of ECs, and has an EC supplying portion
from which the ECs are supplied. The cartridges are sup-
ported on a movable member such that respective EC
supplying portions of the cartridges are arranged along a
reference line, and cooperates with the movable member to
provide a component supplying unit. The unit 1s moved
along the reference line so that an appropriate one or ones of
the cartridges 1s or are moved to the EC supplying position
for supplying ECs.

Various sorts of EC supplying cartridges are known. A
sort of EC supplying cartridge which 1s employed in the
embodiments described later includes a tape feeding device
which feeds an EC carrier tape carrying a number of ECs, for
supplying the ECs. Another sort of EC supplying cartridge
includes a casing which holds a number of ECs arranged 1n
an array and a vibrating device which vibrates the casing to

feed the ECs.

Two or more cartridges of a component supplying unit
may carry different sorts of ECs, respectively. Otherwise,
two or more cartridges out of three or more cartridges of a
unit may carry the same sort of ECs and another cartridge
may carry another sort of ECs. In the former case, the unit
may supply many sorts of ECs. In the latter case, the unit
may supply an increased number of ECs from the two or
more cartridges, so that the supplying of ECs from all the
cartridges may terminate at substantially the same time. In
the latter case, if all the ECs are supplied from one of the two
or more cartridges, an operator may replace the said one
cartridge with a new one while another or the other of the
two or more cartridges supplies the ECs 1n place of the said
one cartridge.

The total number of ECs to be supplied to one object, such
as a printed circuit (“PC”) board, and/or the total number of
sorts of the ECs are/is small 1n some cases and great in other
cases. Since a movable member of a component supplying
unit 1s adapted to the greatest number of ECs and/or the
oreatest number of sorts, the movable member cannot help
having a large size. Accordingly, such a movable-member
moving device 1s needed which can produce a great driving
force to move the movable member. In addition, since the
large-size movable member has a great inertia, the the
movable member cannot be moved at high speeds, which
adversely reduces the work efficiency of the EC supplying
unit. Moreover, the large-size movable member suffers from
the problem that 1t produces a large vibration when being
started and stopped. This problem leads to another problem
that an EC picking-up apparatus, such as an EC mounting
apparatus, which picks up ECs from each EC supplying
cartridge, may fail to pick and hold an EC supplied by the
cartridge. Furthermore, in the case where only a single
component supplying unit 1s employed in an EC supplying
apparatus, the single unit must be stopped, when all the ECs
are supplied from all the cartridges provided thereon, so that
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the single unit may be replaced by another or new ECs may
be fed to the single unit. Thus, the work efficiency of the EC
picking-up apparatus 1s reduced.

The above problems can be solved by employing two

component supplying units in an EC supplying apparatus, as
disclosed 1n Japanese Patent Application laid open {for
inspection under Publication No. 5(1993)-275885. In the
case where the total number of ECs to be supplied and/or the
total number of sorts of the ECs are/is not so great, all the

necessary cartridges may be set on the movable member of
one of the units. On the other hand, 1n the case where the
total number of ECs and/or the total number of sorts of the
ECs are/1s great, all the necessary cartridges may be set
separately on the respective movable members of the units.
In the former case, only the said one unit 1s moved for
supplying ECs and, in the latter case, the two units are
moved mdividually one by one, or concurrently with each
other, for supplying ECs.

The above-indicated document discloses a movable mem-
ber moving device which moves a movable member of a
component supplying unit. The moving device includes a
ball screw which 1s supported by a main frame member of
the EC supplying apparatus such that the ball screw 1is
rotatable about an axis line thereof and 1s not movable 1n an
axial direction thereof. The moving device additionally
includes an electric motor which rotates the ball screw, and
a nut which 1s fixed to the movable member and 1s thread-
edly engaged with the ball screw. The respective ball screws
of the moving devices extend parallel to each other, and are
rotated individually one by one, or concurrently with each
other, so that the two units are moved individually one by
one, or concurrently with each other, for supplying ECs.

However, 1n some cases, 1t 1s not possible to secure a
sufficient space in which two ball screws are disposed to
extend parallel to each other. In addition, since recently the
total number of the ECs, and/or the total number of the sorts
of the ECs, to be mounted on a PC board tends toward
increasing, there are other cases in which two component
supplying units are insuflicient and three or more units are
necessary. In the latter cases, 1t 1s more difficult to secure a
suflicient space 1 which three or more ball screws are
disposed to extend parallel to each other. Moreover, 1n the
case where three or more component supplying units are
employed, 1t 1s almost 1mpossible to employ a movable-
member moving device having a conventional construction
including ball screws and nuts. Each unit having a nut
threadedly engaged with a corresponding ball screw 1is
moved to an EC supplying area 1n which each unit supplies
ECs, and a waiting area which 1s different from the EC
supplying area and in which each unit does not interfere with
the EC supplying operation of another unit or the other units.
The EC supplying area 1s common to the three or more units.
Accordingly, in the EC supplying area, the three or more ball
screws are disposed to extend parallel to one another such
that each movable member 1s moved to the EC supplying
arca over all the ball screws. To this end, it 1s required that
the width of each movable member, 1.e., dimension thereof
in a direction perpendicular to the direction of movement
thereof be greater than the distance between the two ball
screws corresponding to the opposite ends of all the ball
screws, respectively. However, each movable member can-
not have such a great width and accordingly it 1s very
difficult to employ three or more component supplying units.

By the way, a single ball screw may be used with a

plurality of component supplying units in such a way that the
ball screw 1s fixed to a frame member of an EC supplying
apparatus, such that the screw 1s not movable or rotatable
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relative to the frame member, and a nut threadedly engaged
with the screw 1s attached to each of respective movable
members of the units such that the nut 1s rotatable by an
electric motor provided on each movable member. In this
case, the single ball screw supports the movable members,
irrespective of whether the widths thereof are small or great,
such that the movable members are moved one by one or
two or more of the movable members are moved concur-
rently.

In the above case, however, an electricity supplying line
connects between an electric-power source which 1s pro-
vided stationarily with respect to the frame member of the
EC supplying apparatus, and a motor control device which
1s provided on each movable member and controls the
clectric motor thereof, and a signal transmitting line trans-
mits a movable-member control signal to the motor control
device. Accordingly, the respective end portions of the
clectricity supplying line and the signal transmitting line are
moved with the movable members but the opposite ends of
the two lines are not moved. Therefore, there arise various
problems, for example, that the highest speed of each
movable member 1s limited because of an increased mass
thereof, that flexible wiring/piping protectors (hereinafter,
referred to as the “protectors™) which protect the electricity
supplying and signal transmitting lines may be damaged,
that those lines may break, that noise 1s produced when the
protectors are moved, that the protectors need to have a
construction ensuring that they are movable with the mov-
able members, and that the size of the EC supplying appa-
ratus as a whole 1s 1ncreased, or the total number of
component supplying units that can be employed 1s limited,
because the protectors occupy a wide space.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an eclectronic component supplying apparatus which
includes a plurality of electronic component supplying units
and which 1s free from at least one of the above-identified
problems.

According to the present invention, there 1s provided an
clectronic component supplying apparatus, comprising a
frame member, a plurality of electronic component supply-
ing units which are supported by the frame member, each of
the units comprising a plurality of electronic component
supplying cartridges each of which carries a plurality of
clectronic components and includes a component supplying
portion from which the each cartridge supplies each of the
components, and a movable member on which the cartridges
are set such that the respective component supplying por-
tions of the cartridges are arranged along a reference line,
the movable member being movable along the reference
line, a plurality of movable-member-side drive sections each
of which 1s provided on a corresponding one of the respec-
tive movable members of the units, a frame-member-side
drive section which 1s provided on the frame member and
which 1s elongate along the reference line and cooperates
with the each movable-member-side drive section to move
the corresponding one movable member, a plurality of
movable-member-side control devices each of which 1s
provided on the corresponding one movable member and
which controls the each movable-member-side drive
section, a power source which 1s provided stationarily with
respect to the frame member and which provides an electric
energy, a frame-member-side control device which 1s pro-
vided stationarily with respect to the frame member, an
electricity supplying device which includes a first supplying

section provided on the frame member and a plurality of
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second supplying sections each of which 1s provided on the
corresponding one movable member, the electricity supply-
ing device having no wire connection between the first
supplying section and the each second supplying section,
and supplying the electric energy from the power source to
the each movable-member-side control device, while per-
mitting the corresponding one movable member to be
moved along the reference line, and an information trans-
mitting device which includes a first transmitting section
provided on the frame member and a plurality of second
fransmitting sections each of which 1s provided on the
corresponding one movable member, the information trans-
mitting device having no wire connection between the first
fransmitting section and the each second transmitting
section, and transmitting, from the frame-side control device
to the each movable-member-side control device, informa-
tion needed to control the each movable-member-side drive
section, while permitting the corresponding one movable
member to be moved along the reference line.

In the electronic component (“EC”) supplying apparatus
constructed as described above, the “common” no-wire-
connection electricity supplying device supplies an electric
energy to each of the respective movable-member-side con-
trol devices of the plurality of movable members. Each
movable-member-side control device corresponding to a
movable-member-side drive section controls the electric
energy supplied from the electricity supplying device, based
on the information transmitted by the “common” no-wire-
connection information transmitting device, and drives that
movable-member-side drive section. Thus, the mowvable
members are moved one by one, or two or more of the
movable members are moved concurrently with each other,
so that an appropriate one of the EC supplying cartridges on
cach movable member 1s selected for supplying ECs. Each
movable-member-side control device 1s supplied with the
clectric energy from the no-wire-connection electricity sup-
plying device and with the control information from the
no-wire-connection information transmitting device. Thus,
the present EC supplying apparatus does not employ any
clectricity supplying lines, any signal transmitting lines, or
any protectors which direct connect between each movable-
member-side control device and the power source and
frame-member-side control device both of which are pro-
vided on the side of the frame member, whose one ends are
moved with the movable members, and whose opposite ends
arc not moved. Accordingly, the present apparatus 1s free
from the problems that the lines and the protectors may be
damaged or broken or noise i1s produced, and enjoys the
advantages that each EC supplying unit can be moved at a
high speed, that the apparatus can be constructed in a small
size, and that a desired (two or greater) number of EC
supplying units can easily be employed. Since the no-wire-
connection electricity supplying device 1s constructed such
that the single first supplying section 1s commonly used with
the plurality of second supplying sections, the present appa-
ratus enjoys a low production cost. In addition, since the
no-wire-connection mformation transmitting device 1s con-
structed such that the single first transmitting section 1s
commonly used with the plurality of second transmitting
sections, the present apparatus enjoys a lower production
cost. It 1s possible to employ a plurality of no-wire-
connection electricity supplying devices for a plurality of
EC supplying units, respectively, and supply an electric
energy to each of the EC supplying units via a corresponding
one of the electricity supplying devices. In this case, the
electric energy which 1s supplied to each no-wire-connection
clectricity supplying device via an electricity supplying line
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must be controlled on the side of the frame member. Thus,
the same number of no-wire-connection electricity supply-
ing devices, and the same number of electricity supplying
lines, as that of the EC supplying units are needed to control
the respective movable-member-side drive sections of the
EC supplying units. This arrangement leads to complicating
the construction of the present apparatus and thereby
increasing the production cost of the same. It 1s also possible
to supply an electric energy to each of the EC supplying
units via a single no-wire-connection electricity supplying,
device and supply a control information to each of the
movable-member-side drive sections via a corresponding,
exclusive one of a plurality of signal transmitting lines and
a corresponding, exclusive one of a plurality of no-wire-
connection information transmitting devices. In this case,
the respective total numbers of no-wire-connection electric-
ity supplying devices and electricity supplying lines are
reduced, but the same number of no-wire-connection infor-
mation transmitting devices, and the same number of signal
transmitting lines, as that of the EC supplying units are
needed to control the respective movable-member-side drive
sections. In contrast, the present EC supplying apparatus
needs the least numbers of no-wire-connection electricity
supplying device and no-wire-connection information trans-
mitting device, thereby contributing to reducing the produc-
tion cost thereof. Since, as indicated above, 1t 1s very difficult
to employ three or more movable members and provide an
exclusive frame-member-side drive section for exclusively
driving each of the movable members, the present invention
1s very advantageously applied to an EC supplying apparatus
including three or more movable members. However, the
present mvention 1s applicable to an EC supplying apparatus
including two movable members. As will be detailed 1n the
description of the preferred embodiments, the present EC
supplying apparatus may be adapted such that signals can be
transmitted not only from the frame-member-side control
device to each of the movable-member-side control devices
but also from each movable-member-side control device to
the frame-member-side control device. The present appara-
tus may be adapted such that signals can be transmitted only
from the frame-member-side control device to each of the
movable-member-side control devices.

According to a preferred feature of the present invention,
the each movable-member-side drive section comprises a
rotary engaging member which 1s attached to the corre-
sponding one movable member such that the engaging
member 1S rotatable about an axis line thereof, and an
electric actuator which 1s provided on the corresponding one
movable member and which rotates the rotary engaging
member under control of the each movable-member-side
control device, and the frame-member-side drive section
comprises an clongate engaging member which 1s elongate
along the reference line and 1s 1n engagement with the rotary
engaging member of the each movable-member-side drive
section. The rotary engaging member may be provided by,
¢.g., a nut, a pinion, etc.; the elongate engaging member may
be provided by, e.g., a screw member, a rack, etc.; and the
clectric actuator may be provided by, e.g., a servomotor.
When the rotary engaging member 1s rotated by the electric
actuator, the position where the rotary member 1s engaged
with the elongate engaging member 1s changed 1n the
longitudinal direction of the elongate member, so that the
movable member 1s moved.

According to another feature of the present invention, the
rotary engaging member comprises an internally threaded
nut and the elongate engaging member comprises an exter-
nally threaded screw.
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According to another feature of the present invention, the
rotary engaging member comprises a pinion and the elon-
gate engaging member comprises a rack.

According to another feature of the present invention, the
EC supplying apparatus further comprises an acceleration
detector which detects an acceleration value of the corre-
sponding one movable member, and an acceleration control
device which controls an acceleration of the corresponding
one movable member, based on the detected acceleration
value, according to a reference acceleration control pattern.
When the acceleration of movement of each movable mem-
ber can be controlled according to the reference acceleration
control pattern, the speed of movement of each movable
member can be changed with accuracy according to a
reference speed control pattern. Thus, each movable mem-
ber can be moved quickly and smoothly while the vibration
thereof can be effectively prevented. Accordingly, the effi-
ciency of EC supplying of each EC supplying unit 1s much
improved, and an EC picking-up apparatus, such as an EC
mounting apparatus, which picks up ECs from the EC
supplying cartridges supported on each movable member 1s

clifectively prevented from failing to picking up and holding
cach EC.

According to another feature of the present invention, the
EC supplying apparatus further comprises a small-distance
judging device which 1s provided on at least one of the units
and which judges whether a distance between the at least one
unit and an adjacent one of the units 1s shorter than a
reference value, and a collision preventing device which
controls, when the judging device makes a positive
judgement, the movement of at least one of the at least one
unit and the adjacent one unit, so as to prevent a collision of
the at least one unit and the adjacent one unit. The small-
distance judging device may comprise, €.g., a limit switch,
a proximity switch, or a photoelectric sensor. In order to
prevent all the EC supplying units from colliding with each
other, the total number of the small-distance judging devices
may be smaller by one than that of the EC supplying unaits,
that 1s, may be equal to the total number of spaces between
cach pair of adjacent two units of all the units. For example,
a small-distance judging device may be attached to the
rigcht-hand side end of each of the units which see at least one
unit on the right-hand side thereof, or the left-hand side end
of each of the units which see at least one unit on the
left-hand side thereof. However, it 1s not essentially required
that a small-distance judging device be attached to each of
the units. For example, in the case where the present
apparatus has an odd number of EC supplying units, it 1s
possible that a small-distance judging device be attached to
cach of opposite ends of each of units having even numbers
as counted from an end unit of the units and no judging
device be attached to each of units having odd numbers.
Alternatively, 1n order to prevent an collision of the units
even when one judging device 1s out of order, a plurality of
judging means may be attached to each of the unaits.
Otherwise, 1n order to prevent each of opposite end units
from colliding with a stationary member disposed around it,
the total number of the small-distance judging devices
employed may be greater by one than that of the units. In the
latter case, two judging devices may be attached to at least
one of the units, or one judging device may be attached to
the stationary member. The reference distance which 1is
compared with an actual distance between two EC supplying
units may be the sum of a braking distance needed to stop
onc of the units which 1s moving and a predetermined
minimum distance between two units which are adjacent to
cach other. The reference distance may be changed 1n a
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plurality of steps, or continuously (1.e., steplessly), depend-
ing upon, ¢.g., the actual mass and/or required steady-state
speed of each unit. The collision preventing device may be
provided by each movable-member-side control device or
the frame-member-side control device. In the case where a

first unit having a judging device 1s moving, 1f the judging
device makes a positive judgment, the preventing device
may stop the movement of the first unit, or may move a
second unit adjacent to the first unit. In the case where a first
unit having a judging device stands stopped and a second
unit adjacent to the first unit 1s moving toward the first unit,
the preventing device may stop the movement of the second
unit or may move the first unit. In the case where the present
apparatus includes a first unit having no judging device, the
preventing device may prevent the first unit from colliding,
with a second unit adjacent to the first unit, by stopping or
moving the first unit based on the result detected by a
judging device of the second unit. In the case where each of
the units has two judging devices attached to opposite ends
thereof, each unit can judge that the distance between each
unit and a unit adjacent thereto 1s shorter than the reference
distance, based on the results detected by the judging
devices thereot, 1.e., without needing the results detected by
the judging devices of the adjacent unit. Thus, each unit can
quickly stop or move to prevent itself from colliding with the
adjacent unit. The small-distance judging device and the
collision preventing device cooperate with each other to
avold damaging of the units resulting from collision with
cach other.

According to another feature of the present invention, the
EC supplying apparatus further comprises a cartridge-
setting-state detecting device which detects a cartridge set-
ting state 1in which at least one of the cartridges 1s set on the
movable member of the each unit. The cartridge setting state
may be an abnormal cartridge setting or an abnormal car-
tridge distribution as described later. The cartridge-setting-
state detecting device may be provided on either each
movable member or the frame member or may be separately
provided on both each movable member and the frame
member. In either case, the state detecting device contributes
to preventing each cartridge from colliding with an EC
picking-up apparatus, or from failing to supply an EC to the
EC picking-up apparatus. If an EC supplying cartridge 1s not
set 1n a correct posture relative to a movable member and an
excessively large space 1s adversely created between the
cartridge and the movable member, there arises some pos-
sibility that the cartridge may collide with the EC picking-up
apparatus. In addition, 1f no cartridge 1s set at a position
where a cartridge should be set, the unit fails to supply ECs
to the EC picking-up apparatus. However, the present EC
supplying apparatus 1s free from those problems.

According to another feature of the present invention, the
cartridge-setting-state detecting device comprises an
abnormal-cartridge-setting detector which detects an abnor-
mal cartridge setting 1n which the at least one cartridge 1s
abnormally set on the movable member of the each unit and
provides an abnormality detection signal indicating that the
abnormal-cartridge-setting detector has detected the abnor-
mal cartridge setting, and the EC supplying apparatus fur-
ther comprises an inhibiting device which inhibits, when the
abnormal-cartridge-setting detector provides the abnormal-
ity detection signal, the each unit from supplying the each
component. The abnormal cartridge setting may mean that
the entirety, or at least the component supplying portion, of
an EC supplying cartridge 1s not set 1n a correct posture
relative to a movable member, that 1s, mean that an exces-
sively large space 1s left between the bottom surface of the
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cartridge and the top surface of the movable member. The
number of the EC supplying cartridges which are actually
set on each movable member may, or may not, be equal to
the maximum number of cartridges that can be set on each
movable member. For example, in the case where the
number of sorts of ECs to be supplied 1s small, a reduced
number of cartridges may be set on a movable member. In
this case, the mass of the EC supplying unit as a whole 1s
reduced and accordingly the unit can be moved at a higher
speed. In the case where the abnormal-cartridge-setting
detector 1s provided on each of the movable members, the
detector may comprise at least one cartridge sensor which 1s
associated with each of cartridge setting areas, on each
movable member, 1n which EC supplying cartridges can be
set, respectively, as will be detailed 1n the description of the
preferred embodiments. Each cartridge sensor may be pro-
vided by a limit switch or a reflection-type or a transmission-
type photoelectric switch. Each cartridge sensor 1s disposed
at a position which 1s predetermined depending upon the sort
of the abnormal cartridge setting to be detected. For
example, 1n the case where the abnormal cartridge setting 1s
intended to mean that the enftirety of an EC supplying
cartridge 1s set on a movable member such that an exces-
sively large space 1s left between the cartridge and the
movable member, one cartridge sensor may be provided at
a position corresponding to a middle position of the length
of the cartridge, or two cartridge sensors may be provided at
respective positions corresponding to a front and a rear end
of the cartridge. In the case where two cartridge sensors are
provided at respective positions corresponding to the front
and rear ends of each cartridge, information can be obtained
about whether each one of the cartridges has an abnormality
or not, which one of the front and rear ends of each cartridge
has an abnormality, and whether each of the front and rear
ends of each cartridge has an abnormality. In the case where
the abnormal cartridge setting 1s intended to mean that the
EC supplying portion of an EC supplying cartridge 1s set on
a movable member such that an excessively large space 1s
left between the EC supplying portion and the movable
member, one cartridge sensor may be provided at a position
corresponding to the EC supplying portion of the cartridge.
The abnormality detection signal may comprise a detection
signal itself which 1s produced by each cartridge sensor, or
a signal which 1s produced based on the detection signal, for
example, signal indicating that at least one EC supplying
cartridge 1s abnormally set or a signal indicative of at least
one cartridge setting arca 1n which at least one cartridge 1s
not set in a normal posture. In the case where the abnor-
mality detection signal 1s produced based on the respective
detection signals produced by all the cartridge sensors, the
abnormal-cartridge-setting detector comprises all the car-
tridge sensors and an abnormality-detection signal produc-
ing means for producing the abnormality detection signal.
When all the cartridges are normally set, no abnormality
detection signal 1s produced. The abnormal-cartridge-setting
detector may be replaced by a normal-cartridge-setting
detector which provides a normality detection signal indi-
cating that all the cartridges are normally set. In the case
where the abnormal-cartridge-setting detector 1s separately
provided on the side of each movable member and on the
side of the frame member, the detector may comprise a
reflection-type photoelectric sensor including a reflecting
member provided on each cartridge and a light emitting and
a receiving clement provided on the side of the frame
member. In this case, the light amount received by the light
receiving element 1s utilized to judge whether each cartridge
1s set 1n a normal posture. A single photoelectric sensor can
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detect the respective setting states of all the cartridges on one
or each EC supplying unit, while one or each movable
member 1s intermittently moved at a pitch equal to a pitch at
which the cartridges are set on each movable member.
Alternatively, the abnormal-cartridge-setting detector may
comprise a transmission-type photoelectric sensor including
a punched strip projecting from each cartridge and a light
emitting and a receiving element provided on the frame
member. The punched strips extend 1n a direction parallel to
the direction of movement of the movable members, and the
light 1s emitted from the light emitter toward the light
receiver 1n a direction perpendicular to the direction of
movement of the movable members. When one or each
movable member 1s moved, the cartridges are moved one by
one to a punch detecting position where the photoelectric
sensor 15 provided. Each punched strip passes a space
between the light emitter and receiver, and the light emaitted
from the light emitter passes through the punched hole of the
strip and 1s received by the light receiver. The light amount
received or detected by the light receiver 1s used for judging
whether each cartridge 1s set in a normal state. In the case
where the abnormal-cartridge-setting detector 1s provided on
the frame member, the detector may comprise an image
picking-up device such as a camera which takes an 1mage of
cach EC supplying unit, and a comparing means for com-
paring the taken image with a reference 1mage for judging,
whether each cartridge 1s set 1n a normal state on each
movable member. In the case where the abnormal-cartridge-
setting detector 1s separately provided on the side of each
movable member and on the side of the frame member, the
detector may be adapted to generate respective detection
signals themselves produced by all the cartridge sensors, or
a signal produced based on those detection signals. The
inhibiting device may be provided by either the frame-
member-side control device or the movable-member-side
control devices. In the former case, the abnormal detection
signal 1s sent to the frame-member-side control device via
the no-wire-connection 1information transmitting device. In
the case where the respective setting states of the cartridges
are sequentially detected by moving each movable member,
the mhibiting device may immediately inhibit any further
movement of each movable member when just one cartridge
1s judged as being set in an abnormal state. Alternatively, in
the same case, the 1nhibiting device may inhibit the move-
ment of each movable member, and thereby inhibiting the
EC supplying of each unit, after all the setting states of the
cartridges are detected by continuing to move each movable
member even 1f one or more cartridges are judged as being
set 1n an abnormal state. Those alternatives may also apply
to the case where the respective setting states of the car-
tridges are sequentially detected with each movable member
being stopped. The abnormal-cartridge-setting detector and
the 1nhibiting device cooperate with each other to provide
the advantages that when each EC supplying unit 1s moved,
cach cartridge 1s effectively prevented from colliding with,
¢.2., a component suction nozzle of the EC picking-up
apparatus and that the EC supplying portion of each car-
tridge 1s effectively prevented from being out of position and
accordingly each cartridge 1s effectively prevented from
failing to supplying an EC to the suction nozzle.

According to another feature of the present invention, the
cartridge-setting-state detecting device comprises a
cartridge-distribution detector which detects a cartridge dis-
fribution 1 which the cartridges are distributed on the
movable member of the each unit, and the EC supplying
apparatus further comprises an inhibiting device which
inhibits, when the detected cartridge distribution 1s not
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1dentical with a reference cartridge distribution, the each unit
from supplying the each component. The cartridge distribu-
fion comprises information about which one or ones of the
cartridge setting arecas on each movable member 1s/are
occupied by one or more cartridges. Alternatively, the car-
tridge distribution comprises information about whether a
cartridge 1s actually set 1n each of the cartridge setting areas
in each of which a cartridge should be set, that 1s, informa-
tion about whether no cartridge 1s actually set 1n each of
those cartridge setting areas, and additionally information
about whether no cartridge 1s actually set 1n each of the
cartridge setting areas in each of which no cartridge should
be set, that 1s, information about whether a cartridge 1s
actually set 1n each of those cartridge setting areas. Like the
abnormal-cartridge-setting detector, the cartridge distribu-
tion detector may be provided entirely on the side of each
movable member, entirely on the side of the frame member,
or separately on the side of each movable member and on the
side of the frame member. In the case where the cartridge
distribution detector may be provided on each movable
member, the detector may comprise at least one cartridge
sensor which 1s associated with each of the cartridge setting
arcas provided on each movable member. In this case, the
cartridge distribution detector may output the respective
detection signals of all the cartridge sensors, or may output
onc or more signals produced based on those detection
signals, €.g., a normal distribution signal indicating that a
detected cartridge distribution 1s 1dentical with a reference
cartridge distribution, and an abnormal distribution signal
indicative of one or more “abnormal” cartridge setting arcas
including an area in which no cartridge 1s set although a
cartridge should be set and an area 1n which a cartridge 1s set
although no cartridge should be set. In the latter case, the
cartridge distribution detector comprises all the cartridge
sensors and a signal producing means for producing the
normal and abnormal distribution signals. Information
indicative of the reference cartridge distribution may be
pre-stored 1n each movable-member-side control device, or
in the frame-member-side control device. The reference
cartridge distribution may not be provided on the same side
as the side on which the cartridge distribution detector 1s
provided. The mhibiting device may be provided by each
movable-member-side control device, or by the frame-
member-side control device. In the case where the cartridge
distribution detector 1s separately provided on the side of
cach movable member and on the side of the frame member,
the detector may comprise, like the abnormal-cartridge-
setting detector, a reflection-type or transmission-type pho-
toelectric sensor including a reflecting member or a punched
strip provided on each cartridge and a light emitting and a
rece1ving element provided on the side of the frame member.
In this case, the light amount received by the light receiving
clement 1s utilized to judge whether a cartridge 1s set 1n each
of the cartridge setting arecas on each movable member.
Thus, the distribution of the cartridges on each movable
member 15 detected. In the case where the cartridge distri-
bution detector 1s provided on the side of the frame member,
the detector may comprise an image picking-up device such
as a camera. The inhibiting device may be adapted to
immediately inhibit any further proceeding of a cartridge
distribution detection when just one cartridge setting area in
which no cartridge should be set 1s judged as being occupied
by a cartridge or just one cartridge setting area in which a
cartridge should be set 1s judged as being not occupied by
any cartridge. Alternatively, the inhibiting device may
inhibit the EC supplying of each unit, when at least one
“abnormal” cartridge setting arca as indicated above 1is
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identified after each cartridge distribution detection 1s com-
pleted on all the cartridges provided on each movable
member. In the former case, if a cartridge distribution is
detected by moving each movable member, the inhibiting
device may immediately inhibit any further movement of the
movable member when just one “abnormal” cartridge set-
ting area 1s found. The cartridge distribution detector and the
inhibiting device cooperate with each other to prevent an
abnormal cartridge distribution from occurring to each mov-
able member, thereby preventing each EC supplying unit
from failing to supply ECs to, e.g., an EC picking-up
apparatus.

According to another feature of the present invention, the
cach cartridge comprises a tape feeding device which feeds
a tape having a plurality of pockets in which the electronic
components are accommodated, respectively, the tape feed-
ing device itermittently feeding the tape at a feeding pitch
which 1s equal to a distance between each pair of adjacent
two pockets of the tape.

According to another feature of the present invention, the
information transmitting device comprises means for
transmitting, from the frame-side control device to the each
movable-member-side control device, the 1nformation
including control information and addressee information
indicative of a particular one of the movable-member-side
control devices to which the control information 1s to be
transmitted to control the movable-member-side drive sec-
fion corresponding to the particular one movable-member-
side control device. Since the information transmitted from
the common {irst transmitting section provided on the frame
member, to each of the second transmitting sections pro-
vided on the respective movable members, includes the
addressee 1nformation, each of the movable-member-side
control devices can select and receive only the mnformation
directed to 1itself, from all the information transmaitted from
the frame-member-side control device. Thus, the plurality of
EC supplying units can be controlled independent of each
other though the common f{irst transmitting section 1is
employed.

According to another feature of the present invention, the
first transmitting section comprises a first sending and
receiving unit, and the each second transmitting section
comprises a second sending and receiving unit which sends,
to the first sending and receiving unit, information including
(a) operating-state information relating to an operating state
of a corresponding one of the units and (b) sender informa-
tion 1ndicative of the corresponding one unit from which the
operating-state information 1s to be sent to the first sending
and receiving unit. Since the information sent from each
seccond sending and receiving unit to the common {irst
sending and receiving unit includes the sender information,
the frame-member-side control device 1dentily from which
movable-member-side control device the information has
been sent thereto. Thus, the respective operating states of the
EC supplying units can be grasped and responded to inde-
pendent of each other.

According to another feature of the present invention, the
cach movable-member-side drive section comprises a first
toothed member which 1s fixed to the corresponding one
movable member and which includes a plurality of teeth and
an energizing coil which energizes the first toothed member,
and the frame-member-side drive section comprises a sec-
ond toothed member which 1s fixed to the frame member and
which includes a plurality of teeth which are opposed to the
teeth of the first toothed member, the first and second
toothed members cooperating with each other to provide a
linear motor. In this embodiment, the movable-member-side
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drive sections and the frame-member-side drive section
cooperate with each other to provide an electric actuator.
The number of parts needed to provide the linear motor 1s
smaller than the number of parts needed to provide the rotary
engaging members, the elongate engaging member, and the
clectric actuator which rotates each rotary member to move
a corresponding movable member. Thus, the present appa-

ratus enjoys a simple construction. The linear motor may be
provided by a PM (permanent magnet) type linear motor as
will be detailed in the description of the preferred
embodiments, or may be provided by a VR (variable
reactance) type linear motor or a HB (hybrid) type linear
moltor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features and advantages
of the present invention will be better understood by reading
the following detailed description of the preferred embodi-
ments of the invention when considered 1n conjunction with
the accompanying drawings, 1n which:

FIG. 1 1s a perspective, 1llustrative view of an electronic

component (“EC”) supplying apparatus to which the present
mvention 1s applied, and an EC mounting apparatus;

FIG. 2 1s an 1illustrative view of the EC supplying appa-
ratus of FIG. 1 including a no-connection information trans-
mitting device;

FIG. 3 1s a perspective view of the EC supplying appa-
ratus of FIG. 1 including a no-connection electricity sup-
plying device;

FIG. 4 1s a view 1illustrating the manner 1n which respec-
tive component supplying units of the EC supplying appa-

ratus of FIG. 1 are supplied with electric energy and control
information;

FIG. 5 1s a view of a control circuit which controls a
servomotor employed 1n the EC supplying apparatus of FIG.
1;

FIG. 6 1s a view of a high-frequency induction electric-
power generation controller and a rectifying circuit;

FIG. 7 1s a view corresponding to FIG. §, showing a
control circuit which controls a servomotor employed 1n
another EC supplying apparatus as a second embodiment of
the present invention;

FIG. 8A1s a view 1illustrating a first step for the movement
of a mover of a linear motor employed 1n yet another EC
supplying apparatus as a third embodiment of the present
mvention;

FIG. 8B 1s a view 1illustrating a second step for the
movement of the mover of the linear motor of FIG. 8A;

FIG. 8C 1s a view 1llustrating a third step for the move-
ment of the mover of the linear motor of FIG. 8A; and

FIG. 8D 1s a view 1llustrating a fourth step for the
movement of the mover of the linear motor of FIG. SA.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1, there will be described an
electronic component (“EC”) supplying apparatus 12 to
which the present invention 1s applied.

In FIG. 1, reference numeral 10 designates an EC mount-
ing apparatus 10 which 1s used with the EC supplying
apparatus 12. The EC mounting apparatus 10 includes an
index table 14 which 1s intermittently rotatable about a
vertical axis line. The index table 14 includes twelve com-
ponent suction units 16, and 1s intermittently rotated by an
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intermittently rotating device (not shown) which is provided
by a cam, a cam follower, an axis member, an index
servomotor which rotates the cam, and other elements so
that the twelve suction units 16 are sequentially moved to an
EC sucking position, an EC 1mage taking position, an EC
posture correcting position, an EC mounting position, etc.
As the 1index table 14 1s rotated, each of the twelve suction
units 16 1s moved up and down by the cooperation of a
stationary cam (not shown), a cam follower (not shown)
provided on each suction unit 16, etc. Thus, at the EC
sucking position, each suction unit 16 sucks an EC at a
height higher than that at which each suction unit 16 mounts
the EC on a printed circuit (“PC”) board at the EC mounting
position. Each suction unit 16 includes three component
suction heads 20 one of which 1s selectively positioned at an

operating position to suck and mount the EC.

At the EC mounting position, there 1s disposed a PC board
moving device (not shown) which supports the PC board, on
which ECs are to be mounted, and which moves the PC 1n
an X-axis direction and an Y-axis direction which are
perpendicular to each other so that each EC may be mounted
on an appropriate mounting place on the PC board.

At the EC sucking position, there 1s disposed the EC
supplying apparatus 12. As shown 1n FIG. 2, the EC sup-
plying apparatus 12 includes four component supplying
units 30 (only one 30 is shown in FIG. 2). Since the three
supplying units 30 has the same construction, there will be
described one supplying unit 30 in detail below.

The component supplying unit 30 includes a plurality of
EC supplying cartridges 32, and a movable member 1n the
form of a movable table 34 which supports the cartridges 32.
Each cartridge supplies ECs carried by a carrier tape (not
shown). A carrier tape includes a component holder tape
having a plurality of pockets which are provided at a
predetermined pitch and which accommodate a plurality of
ECs, respectively, and a cover tape which covers the respec-
five upper openings of the pockets of the holder tape. The
carrier tape 1s wound around a supply reel 35 (FIG. 1) of
cach cartridge 32, and 1s intermittently fed by a feeding
device (not shown) at a feeding pitch which is equal to the
pitch of provision of the pockets on the carrier tape while the
cover tape 1s peeled off in a component supplying portion of
cach cartridge 32. Thus, the EC held 1n the leading one of the
pockets from which the cover tape has been peeled off, 1s
positioned at an EC picking-up position provided in the EC
supplying portion. The EC supplying portion of each car-
tridge 32 1s provided by a front portion thereof which 1is
nearer to the EC mounting apparatus 10 than a rear portion
thereof.

The plurality of EC supplying cartridges 32 are set on the
movable table 34 such that the respective component sup-
plying portions of the cartridges 32 are arranged along a
reference straight line along which the movable table 34 is
moved. The movable table 34 has a plurality of cartridge
setting arcas with each of which a cartridge positioning
device (not shown) and a cartridge fixing device (not shown)
are assoclated. The cartridge positioning device positions
the cartridge 32 1n the cartridge setting area on the movable
table 34, and the cartridge fixing device fixes the cartridge
32 positioned 1n the cartridge setting area, to the movable
table 34. A front and a rear cartridge sensor 36, 37 (FIG. 4)
are provided 1n a association with a front and a rear portion
of each cartridge setting areca on the movable table 34,
respectively. Each cartridge setting area 1s elongate 1n a
direction perpendicular to a direction 1n which the movable
table 34 1s moved, 1.¢., the above-indicated reference straight
line. With each cartridge 32 being set in the cartridge setting
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arca, the cartridge 32 and the cartridge sectting area extend
parallel to each other on the table 34.

Each of the front and rear cartridge sensors 36, 37 i1s
provided by a transmission type photoelectric detector, and
includes a light emitting element and a light receiving
clement which are spaced from each other 1n a widthwise
direction of each cartridge setting area which 1s parallel to
the direction of movement of the movable table 34 and 1s
perpendicular to the longitudinal direction of each cartridge
32 set 1n the cartridge setting area. Each cartridge 32 has a
front and a rear through-hole (not shown) which are formed
through a widthwise thickness thereof. The light emitted
from the light emitter of the front or rear cartridge sensor 36,
37 passes through the front or rear through-hole and 1s
received by the light recerver of the same sensor 36, 37. The
light receiver of each sensor 36, 37 supplies a detection
signal indicative of the received light amount or intensity, to
a computer 38 provided on the movable table 34.

In the present EC supplying apparatus 12, the front and
rear through-holes of each cartridge 32 are formed such that
with each cartridge 32 being set on the movable table 34, the
center line of each of the front and rear through-holes is
slightly offset upward from the optical axis line of a corre-
sponding one of the front and rear cartridge sensors 36, 37
along which the light emitted from the light emitter travels
toward the light receiver. Providing that the light amount
received by the light receiver when each cartridge 32 1s not

set on the movable table 34 1s 100, the light amount received
by the light recerver when each cartridge 32 1s correctly set
in the cartridge setting area 1s about 40 to 60. Therefore, 1f
the light amount received by the light receiver of each
cartridge sensor 36, 37 1s just 100 or a value around 100, the
computer 38 can judge that no cartridge 32 1s set 1n the
cartridge setting arca with which each cartridge sensor 36,
37 1s associated. In addition, if a portion, or an entirety, of
cach cartridge 32 1s mcorrectly or mappropriately set in the
cartridge setting arca, with an iappropriate spacing being
produced between the portion or the entirety and the car-
tridge setting arca because, for example, the cartridge posi-
tioning or {fixing device 1s out of order for some reason, the
light amount received by the light receiver 1s smaller than
the normal range of 40 to 60. Thus, the inappropriate setting
of each cartridge 32 on the movable table 34 can be detected.

Even if the cartridges 32 may be correctly set 1n the
cartridge setting areas on the movable table 34, respectively,
the light amounts detected by the respective cartridge sen-
sors 36, 37 associated with the cartridge setting areas may
differ from each other because of the manufacturing errors
of the cartridges 32 and/or the table 34, the normal variation
of the light amounts emitted by the respective light emitters
of the sensors 36, 37, the normal variation of the light
amounts received by the respective light receivers of the
sensors 36, 37, etc. In order to calibrate each of the cartridge
sensors 36, 37, an light amount 1s detected by each sensor
36, 37, with a cartridge 32 being appropriately set 1n the
cartridge setting areca with which each sensor 36, 37 is
assoclated, when each sensor 36, 37 1s attached to the table
34. The computer 38 determines a normal light-amount
range by adding, and subtracting, a predetermined value to,
and from, the light amount detected by each sensor 36, 37.
Thus, the computer 38 determines the respective normal
light-amount ranges of all the cartridge sensors 36, 37
mounted on the movable table 34, and stores data represent-
ing the determined ranges in a non-volatile memory (e.g.,
ROM (read only memory), back-up RAM (random access
memory), external memory device, etc.). The respective
normal light-amount ranges of almost all the cartridge
sensors 36, 37 fall within the range of 40 to 60.
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The ROM of the computer 38 stores a cartridge-setting-
state judging program according to which a CPU (central
processing unit) of the computer 38 judges whether the
cartridges 32 are normally distributed on the table 34, and
whether each cartridge 32 1s appropriately set on the table
34. According to this program, the computer 38 or the CPU
sets or resets each of a cartridge-absence flag and a normal-
cartridge-setting flag, for each of all the cartridge sensors 36,
37 provided 1n association with the cartridge setting areas on
the table 34. The cartridge-absence flags and the normal-
cartridge-setting flags are provided in the RAM of the
computer 38. In other words, the computer 38 sets or resets
one cartridge-absence flag and one normal-cartridge-setting
flag corresponding to each of all the cartridge sensors 36, 37,
based on a detection signal which is supplied thereto from
cach sensor 36, 37 and which 1s indicative of a light amount
detected by each sensor 36, 37.

If the light amount received by the light receiver of each
sensor 36, 37 1s not less than a predetermined value around
100 (e.g., 90), the computer 38 sets, to “17, the cartridge-
absence flag corresponding to that sensor 36, 37. On the
other hand, if the light amount 1s less than the predetermined
value, the computer 38 resets the cartridge-absence flag to
“07. If the light amount received by the light receiver of each
sensor 36, 37 talls with the calibrated and then stored normal
light-amount range of that sensor 36, 37, that means that the
cartridge 32 1s appropriately set 1n the cartridge setting arca
with which that sensor 36, 37 1s associated. Therefore, the
computer 38 sets, to “1”, the normal-cartridge-setting flag
corresponding to that sensor 36, 37. On the other hand, 1f the
light amount does not fall within the normal range, that
means that the cartridge 32 1s set 1n the cartridge setting arca
but the setting state 1s inappropriate or abnormal. Thus, the
computer 38 resets the normal-cartridge-setting flag to “0”.

After the computer 38 sets or resets all the cartridge-
absence flags and all the normal-cartridge-setting flags based
on the detection signals supplied thereto from all the car-
tridge sensors 36, 37, the computer 38 judges whether a
cartridge 32 1s set in each of all the cartridge setting areas
provided on the table 34, based on the setting or resetting,
state (“1” or “0” value) of each of all the cartridge-absence
flags. If both of the two cartridge-absence flags associated
with each cartridge setting arca are set to “1”, the computer
38 judges that no cartridge 32 1s not set 1n that cartridge
setting area. On the other hand, 1f both of the two cartridge-
absence flags are reset to “07, the computer 38 judges that
a cartridge 32 1s set 1n that cartridge setting area. In a third
case 1n which one of the two cartridge-absence flags 1s set to
“1” and the other 1s reset to “0”, the computer 38 judges that
some abnormality has occurred to the cartridge 32 being set
in the cartridge setting area.

After the computer 38 judges whether a cartridge 32 1s set
in each of all the cartridge setting areas 1n this way, then the
computer 38 determines a distribution of the cartridges 32
on the table 34 and compares the thus determined cartridge
distributing state with a nominal cartridge distributing state
which 1s pre-stored 1 the non-volatile memory of the
computer 38. If the two distributing states are 1dentical with
cach other, the computer 38 outputs a normal-distribution
signal. On the other hand, if the two distributing states are
not 1dentical with each other, the computer 38 outputs an
abnormal-distribution signal. Also 1n the above-indicated
third case in which one of the two cartridge-absence flags
assoclated with each cartridge setting area 1s set to “1” and
the other i1s reset to “0”, the computer 38 outputs the
abnormal-distribution signal, 1rrespective of whether a car-
tridge 32 should be set 1n that cartridge setting area or not.
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Thus, the abnormal distribution signal can transmit three
kinds of abnormal information; the first information 1s that
no cartridge 32 1s set 1 each cartridge setting arca in which
a cartridge 32 should be set; the second information 1s that
a cartridge 32 1s set in each cartridge setting area in which
no cartridge 32 should be set; and the third information 1is
that one of the two cartridge-absence flags associated with
cach cartridge setting area 1s set to “1” and the other 1s reset
to “0”. The abnormal-distribution signal may contain two
kinds of abnormal information with respect to each cartridge
setting area, or may contain the same kind of abnormal
information with respect to two or more cartridge setting
arcas. Thus, the abnormal-distribution signal output from the
computer 38 contains all the abnormalities 1dentified from
all the cartridge-absence flags.

Subsequently, the computer 38 judges whether each of all
the cartridges 32 being set on the table 34 1s appropriately set
with respect to a cartridge setting area, based on the setting
or resetting state (“1” or “0” value) of each of the normal-
cartridge-setting flags. If all the normal-cartridge-setting
flags are set to “1” except for one or ones associated with the
cartridge setting area or areas for which no cartridge setting
has been found by the computer 38 at the time of determi-
nation of the cartridge distributing state, the computer 38
outputs a normal cartridge-setting signal. On the other hand,
if at least one of the normal-cartridge-setting flags 1n ques-
tion 1s reset to “0”, the computer 38 outputs an abnormal
cartridge-setting signal. Thus, the abnormal cartridge-setting
signal contains information about whether or not an abnor-
mal setting has occurred to each of the front and rear
portions of each cartridge 32 being set on the table 34.

All the cartridge sensors 36, 37 associated with the
cartridge setting arcas on the movable table 34, and a portion
of the computer 38 which outputs the normal or abnormal
distribution signal based on the detection signals supplied
from the sensors 36, 37, cooperate with each other to provide
a cartridge distribution detector 40 (FIG. 4). All the cartridge
sensors 36, 37 associated with the cartridge setting areas on
the movable table 34, and a portion of the computer 38
which outputs the normal or abnormal cartridge-setting
signal based on the detection signals supplied from the
sensors 36, 37, cooperate with each other to provide a
cartridge setting-state detector 42 (FIG. 4).

As shown 1n FIG. 2, the movable table 34 1s provided with

an 1nternally threaded nut 44 which 1s rotatable about an axis
line which 1s parallel to the reference straight line along
which the respective component supplying portions of the
cartridges 32 are arranged. The nut 44 1s rotated by a table
moving servomotor 46 which 1s mounted on the table 34. A
first timing gear 54 1s fixed to one end of the nut 44, and a
second timing gear 56 1s fixed to an output shaft of the motor
46. The first and second timing gears 54, 56 are connected
by a cog belt (not shown), so that the rotation of the output
shaft of the motor 46 1s transmitted to the nut 44 via the gears

54, 56 and the cog belt. Thus, the nut 44 1s rotated by the
motor 46.

The table moving servomotor 46 1s provided by a brush-
less DC (direct current) motor that does not have a brush or
a commutator. The rotation position of the motor 46 1s
detected by an electronic absolute encoder 48 (FIG. 4). As
shown 1n FIG. §, the absolute encoder 48 includes an
incremental encoder 50 and a pulse counter 52. As the motor
46 1s rotated, the incremental encoder S0 outputs a pulse
signal representing a phase different by 90° from the current
phase of the motor 46. In addition, when the motor 46 takes
an origin rotation position, the encoder 50 outputs an origin
signal. The pulse counter 52 counts the number of pulse
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signals, and the number of origin signals, output from the
encoder 5S0. When the encoder 50 1s rotated 1n one direction,
the counter 52 increases the counted number; and when the
encoder 50 1s rotated 1n the opposite direction, the counter
52 decreases the counted number. The absolute encoder 48
is supplied with an electric power from a battery (not
shown). Therefore, even if a main power source is cut from
the EC supplying apparatus 12, the encoder 48 1s operable
and the output values of the encoder 48 always indicate the
absolute rotation position of the motor 46.

As shown 1n FIG. 2, the nut 44 of each of the four
movable tables 34 1s meshed with the an externally threaded
ball screw 60 which 1s provided on a base 58 as a frame
member of the EC supplying apparatus 12. The ball screw 60
1s supported by a pair of support members 62 fixed to the
base 58, such that the screw 60 1s not movable 1n an axial
direction thereof and 1s not rotatable about an axis line.
When the nut 44 1s rotated by the table moving servomotor
46, the table 34 1s moved along the ball screw 60. The axis
line of rotation of the nut 44 extends parallel to the direction
in which the respective component supplying portions of the
cartridges 32 are arranged, and accordingly the table 34 is
moved 1n that direction.

In the present embodiment, the nut 44, the table moving,
servomotor 46, the ball screw 60, etc. cooperate with one
another to provide a table moving device as a movable-
member moving device. The ball screw 60 1s shared by four
table moving devices. However, the respective motors 46 of
the four table moving devices are driven independently of
one another and accordingly the four tables 34 are moved
independently of one another. Each of the four component
supplying units 30 1s movable within an EC supplying arca
provided along the ball screw 60 so as to supply the ECs to
the EC mounting apparatus 10, and 1s movable between the
EC supplying area and a waiting area which 1s also provided
along the ball screw 60 but does not overlap the EC
supplying arca. When each supplying unit 30 1s positioned
in the waiting area, that unit 30 does not intertere with the
movement of another unit 30 within the EC supplying arca
to supply the ECs to the EC mounting apparatus 10.

While each component suction unit 16 1s moved to the EC
sucking position as the index table 14 1s rotated, each EC
supplying cartridge 32 1s moved to an EC supplying position
where the EC supplymng portion of each cartridge 32 1s
positioned right below one of the three component suction
heads 20 of each suction unit 16 which head 1s positioned at
the operating position. At the EC supplying position, each

cartridge 32 supplies the ECs to the EC mounting apparatus
10.

The single EC supplying area 1s provided along the ball
screw 60 such that the EC supplying position of the EC
supplying apparatus 12 1s located at the center of the EC
supplying area 1n the direction 1n which each table 34 is
moved. Two waiting areas are provided on both sides of the
EC supplying area, respectively. The EC supplying area has
a length which 1s twice longer than the width of each table
34 as measured 1n the direction of movement of the same 34.
Each waiting area has a length which 1s three times longer

than the width of each table 34.

Each of the four movable tables 34 1s provided with a
small-distance sensor 64 (FIG. 4) which detects that a
distance between each table 34 and an adjacent table 34 is
shorter than a reference value. The reference value is the
sum of a minimum distance between each pair of adjacent
tables 34 and a braking distance needed to stop each table 34
when each table 34 1s moved at the highest speed. Each
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small-distance sensor 64 1s provided by a proximity switch,
which 1s fixed to a first one of side surfaces of each table 34
in the direction of movement thercof. The respective first
side surfaces of the four tables 34 to which the four sensors
64 arc fixed, respectively, are nearer to one of the two
support members 62 than the other, second side surfaces of
the tables 34, respectively. Thus, each sensor 64 1s provided
on the first side surface of each table 34 which 1s opposed to
the second side surface of an adjacent table 34. However,
one sensor 64 1s provided on the first side surface of the table
34 at one end along the ball screw 60 1s opposed to the
above-indicated one support member 62. A fifth sensor 64 1s
provided on the other support member 62 which 1s opposed
to the second side surface of the table 34 at the other end.
The five small-distance sensors 64 supplies respective detec-

tion signals to the corresponding computers 38, respectively.

At the EC sucking position, there 1s also provided an
EC-suction-head elevating and lowering device (not shown)
which elevates and lowers the operative one of the compo-
nent suction heads 20 of each component suction unit 16.
The elevating and lowering device includes an elevator
member, a cam, a cam follower, etc. and additionally
includes a motion transmitting device which converts the
rotation of the index servomotor which i1s mainly provided
for intermittently rotating the index table 14, into the upward
and downward movements of the elevator member. As the
clevator member 1s moved downward, the component suc-
tion head 20 1s moved downward so as to suck the EC
positioned at the EC picking-up position on the EC supply-
ing cartridge 32 positioned at the EC supplying position. As
the elevator member 1s moved upward, the suction head 20
1s also moved upward. Another component-suction-head
elevating and lowering device (not shown) is provided at the
EC mounting position.

At the EC sucking position, there i1s also provided an
operating device (not shown) which operates a tape feeding
device (not shown) of the EC supplying cartridge 32 posi-
tioned at the EC supplying position. The operating device 1s
driven by the index servomotor for feeding the carrier tape
after the EC 1s picked up by the suction head 20.

As shown 1n FIG. 4, each of the four tables 34 1s provided
with a servomotor control device 70 which controls the table
moving servomotor 46. Each of the four servomotor control
devices 70 includes a movable-member-side sending and
receiving unit 1 the form of a communication section 72,
and a movable-member-side control section 74. The com-
munication section 72 receives or sends information needed
to control the motor 46, for example, torque command
signal, feed-back signal, various output signals of the com-
puter 38 (including the detection signal supplied from the
small-distance sensor 64), etc. The control section 74
controls, based on the mmformation received by the commu-
nication section 72, an electric energy supplied from a power
source 76 which 1s provided stationarily with respect to the
base 58. The power source 76 may be provided fixedly on
the base 58, or may be provided fixedly at a position away
from the base 38.

The EC supplying apparatus 12 includes a support frame
(not shown) which cooperates with the base 58 to provide
the frame member. The support frame supports a main
controller 80 which controls all the devices needed to mount
the ECs on the PC board, e.g., the EC supplying apparatus
12, the EC mounting apparatus 10, and the PC board moving,
device. The main controller 80 1s essentially provided by a
computer, and controls respective actuators of the EC sup-
plying apparatus 12, the EC mounting apparatus 10, the PC
board moving device via respective control circuits which
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are not shown 1n FIG. 4 except for a servomotor control
circuit 82 which controls the four table moving servomotors
34 provided on the four tables 34.

The main controller 80 supplies, to the servomotor control
circuit 82, command information needed to control the
respective table moving servomotors 46 of the four compo-
nent supplying units 30. The command information 1s trans-
mitted by a frame-member-side sending and receiving unit
in the form of a two-way serial high-speed communication

device 86 which belongs to a communication control section
84, to the respective communication sections 72 of the four
servomotor control devices 70 via a no-connection informa-
fion transmitting device 88. The main controller 80 has the
function of determining, according to the EC mounting
control program, a table speed control pattern which 1s used
to control the speed of rotation of each table moving
servomotor 46 and determines, according to the control
pattern, target rotation positions of each motor 46 at very
short intervals of time. The main controller 80 supplies, to
the servomotor control circuit 82, command signals repre-
senting the thus determined target rotation positions of each
motor 46.

As shown 1n FIG. 2, the no-connection information trans-
mitting device 88 includes four table-side sending and
receiving coils 90 which are provided on the four tables 34,
respectively, and a base-side sending and receiving coil 92
which 1s provided on the base 58. The base-side coil 92 1s
provided along the ball screw 60 over the EC supplying area
and the two waiting areas on both sides of the EC supplying
arca, such that the coil 92 extends parallel to the direction of
movement of the tables 34. The base-side coil 92 1s con-
nected to the two-way serial high-speed communication
device 86 via a signal cable 94. Each table-side coil 90
includes a ring portion, and the base-side coil 92 passes
through the ring portion of each table-side coil 90 such that
the table-side coil 90 1s movable relative to the base-side coil
92. Each of the table-side and base-side coils 90, 92 1s

covered by a shield member (not shown).

In the two-way serial high-speed communication device
88, a high frequency carrier wave 1s modulated based on an
analog signal to be transmitted. This modulation may be
amplitude modulation, frequency modulation, or phase
modulation. In the case where the carrier wave consists of a
series of periodic pulses, the pulse amplitude, pulse width,
or pulse frequency of the carrier wave may be modulated.
The thus modulated carrier wave 1s demodulated by each
communication section 72.

It 1s required that the four torque command signals as the
command signals supplied from the servomotor control
circuit 82 be transmitted to the four component supplying
units 30, respectively, separately from one another and
separately from the respective feed-back signals of the four
tables 34 and the output signals of the four computers 38
which are also required to be transmitted separately from
one another. The base-side sending and receiving coil 92 of
the no-connection information transmitting device 92 is,
however, commonly used for transmitting all the signals,
and accordingly the two-way serial high-speed communica-
fion device 86 of the communication control section 84 1s
utilized. The communication control section 84 on the side
of the base 58 transmits, before transmission of a control
signal, an addressee signal indicative of a particular one of
the four communication sections 72 to which the control
signal 1s to be transmitted. Each of the four communication
sections 72 receives only the control signals each having the
addressee signal indicative of itself. More specifically
described, each section 72 makes 1tself be ready for receiv-
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ing a control signal upon reception of an addressee signal
indicative of 1itself, and sends a ready signal back to the
communication control section 84. In response to the ready
signal, the control section 84 supplies a torque command
signal to that communication section 72 so that the section
72 receives the command signal.

Similarly, each of the four communication sections 72
transmits a feed-back signal, or an output signal of the
computer 38, to the communication control section 84, a
hiech frequency carrier wave 1s modulated based on the
signal to be transmitted. The thus modulated carrier wave 1s
demodulated by the two-wave serial high-speed communi-
cation device 86. When each section 72 sends a feed-back or
computer-output signal to the control section 84, first, a call
signal 1s sent to the control section 84. If the control section
84 sends back a ready signal 1n response to the call signal,
the feed-back or output signal 1s sent from each section 72
to the control section 84 after a sender signal 1indicative of
that section 72 1itself has been added to the head of the
feed-back or computer-output signal. Thus, the control sec-
tion 84 can receive the respective signals supplied from the
four communication sections 72, separately from one
another. Thus, the four computers 38 can send the respective
abnormal cartridge distribution signals and the respective
abnormal cartridge setting signals, to the main controller 80.
The respective output signals of the four absolute encoders
48 are digital signals each of which 1s converted 1nto an
analog signal by a digital to analog (D/A) converter 96, as
shown in FIG. 5. Each communication section 72 modulates
a high frequency carrier wave based on the thus converted
analog signal, and the modulated carrier wave 1s transmitted
by the no-connection information transmitting device 88.

In FIG. 4, the no-connection information transmitting,
device 88 1s shown for illustrative purposes only.

FIG. 5 shows a control circuit which controls one of the
four table moving servomotors 46. However, 1in FIG. §, the
communication control section 84 and the communication
section 72 of the servomotor control device 70 are not shown
for the purpose of easier understanding only. Each of the

four motors 46 1s controlled by a control circuit similar to
that shown 1 FIG. §.

The servomotor control circuit 82 includes a position
amplifier 100, a speed amplifier 102, and a differentiator
104. The position amplifier 100 receives a command signal
in the form of an analog signal converted from command
information in the form of a digital signal supplied from the
main controller 80, and an operation signal as operation
information supplied from the absolute encoder 48 which
detects the rotation position of the table moving servomotor

46.

The speed amplifier 102 receives the output signal of the
position amplifier 100, and a control signal which 1s pro-
duced by the differentiator 104 by differentiating the output
signal of the encoder 48. The two amplifiers 100, 102
cooperate with each other to produce a torque command
signal based on the above-indicated command signal and the
respective values represented by the feed-back operation and
control signals. This torque command signal 1s supplied to
the servomotor control device 70 provided on the table 34,
via the no-connection information transmitting device 88.

A drive current to drive the servomotor 46 1s supplied
from the power source 76 to a voltage control device 112
provided on the table 34, via a high frequency induction
power generation controller 108 and a no-connection
clectric-power supplying device 110.

As shown 1 FIG. 3, the no-connection electric-power
supplying device 110 includes a primary coil 116 provided
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on the base 58. The primary coil 116 contributes to reducing
the skin effect due to the high frequency wave, because the
coil 116 1s obtained by stranding a plurality of thin stranded
lines 1nto a stranded cord, and winding the stranded corded
two or three times. Opposite ends of the primary coil 116 are
connected to the power source 76. The primary 116 1is
provided along the ball screw 60 over the EC supplying area
and the two waiting areas on both sides of the EC supplying
area, 1.., over the entire area within which the four tables 34

are movable.

A primary core 120 and a secondary core 122 are fixed to
cach table 34. The primary core 120 has two slots 124, 126
which extend parallel to each other. The primary coil 116
passes through the two clots 124, 126 of the primary core
120. The primary core 120 1s formed of an amorphous
magnetic material, such as a ferrite or an amorphous alloy,
which enjoys a low 1ron loss 1n spite of the high frequency
wave.

The secondary core 122 1s formed of an amorphous
magnetic material like the primary core 120, and has two
slots 128, 130 which extend parallel to each other. A
secondary coil 132 1s wound around the secondary core 122
such that the coil 132 passes through the slots 128, 130. Like
the primary coil 116, the secondary coil 132 1s obtained by
stranding a plurality of thin stranded lines into a stranded
cord. The no-connection electric-power supplying device
110 1s not required to transform an input voltage and
accordingly the number of turns of the secondary coil 132 1s
equal to that of the primary coil 116. The secondary coil 122
1s fixed to the table 34, at a position adjacent to the position
where the table-side sending and receiving coil 90 1s fixed.
The primary core 120 1s fixed to the secondary core 122 with
the help of a fixing device (not shown).

The primary coil 116 1s energized at high frequency. As
shown 1n FIGS. 5 and 6, the voltage of the power source 76
1s converted 1nto a high frequency voltage by a transistor
switch 140 which provides the high frequency induction
power generation controller 108. Thus, a rectangular-wave
voltage (or a sine-curve voltage) corresponding to the ratio
of the number of turns of the primary coil 116 to that of the
secondary coil 132, 1s produced 1n the secondary coil 132.
This voltage 1s full-rectified by a rectifying circuit 142
which 1s provided on the table 34 and 1s provided by a high
frequency diode bridge 144 and an LC filter including a
reactor, L, and a smoothing capacitor, C. The thus-obtained
direct current 1s utilized as a main direct current which
drives the table moving servomotor 46 provided on the table
34. A voltage stabilizing converter 146 as a regulator which
stabilizes a portion of the above-indicated main direct
current, 1s provided on the table 34. The rectifying circuit
142 and the voltage stabilizing converter 146 cooperate with
cach other to provide a voltage control device 112 shown 1n
FIG. 5. The table-side sending and receiving coil 90 which
1s provided adjacent to the primary and secondary cores 120,
122 on the table 34, is covered by the shield member (not
shown), and the base-side sending and receiving coil 92 is
also covered by the shield member, as described previously.
Thus, the information transmitted by the no-connection
information transmitting device 88 1s not influenced by the
clectric energy supplied by the no-connection electric-power
supplying device 110, and the intact and noise-free infor-
mation 1s transmitted.

As shown 1n FIG. 5, each of the four control sections 74
includes a power switch 150, a current amplifier 152, and a

current-supply command generator 154. The command gen-
erator 154 generates a current-supply command signal based
on a torque command signal transmitted by the
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no-connection information transmitting device 88, a position
signal indicative of a rotation position of the servomotor 46
supplied from the absolute encoder 48 via the D/A converter
96, and an acceleration signal indicative of an acceleration
value of the table 34 supplied from an acceleration sensor
156. The current-supply command signal i1s supplied to the
current amplifier 152. A feed-back signal as a detection
signal indicative of a detected value of the electric current
supplied to the servomotor 46 1s also input to the current
amplifier 152, which amplifies the current-supply command
signal based on the difference between the command signal
and the detection signal and produces the current-supply
command signal in the form of a PWM (pulse width
modulation) wave based on comparison with a triangular
wave. The thus produced command signal 1s supplied to the
power switch 150.

The power switch 150 1s provided by a power transistor,
MOSFET (metal oxide semiconductor field-effect
transistor), IGBT (insulated gate bipolar transistor), etc. The
output signal of the current amplifier 152 1s i1nput to an
amplifier (not show) which supplies a drive signal to the
base (or gate) of the power switch 150. The current amplifier
152 receives a control voltage controlled and stabilized by
the voltage stabilizing converter 146. The power switch 150
modulates the main direct current supplied from the recti-
fying circuit 142, according to the drive signal as the output
signal of the current amplifier 152, and supplies, to the
servomotor 46, the PWM voltage which ensures that the
feed-back signal coincides with the torque command signal.

As shown i FIG. 4, the voltage control device 112
includes a communication section 158. Since the four com-
ponent supplying units 30 may concurrently operate, the
voltage of the primary coil 116 1s detected and a feed-back
signal indicative of the detected voltage 1s transmitted to the
high frequency induction power generation controller 108
via the no-connection mmformation transmitting device 88.
The communication section 158 modulates a high frequency
carrier wave based on the feed-back signal, and the thus
modulated carrier wave 1s demodulated by the two-way
serial high-speed communication device 86.

In the present embodiment, after the EC supplying appa-
ratus 12 1s built up, each of the four movable tables 34 is
moved to a reference position, and an output value of the
absolute encoder 48 at that time 1s stored 1n a non-volatile
memory (ROM, back-up memory, RAM, external memory
device, etc.) of the main controller 80. This output value is
indicative of an error or difference between the reference
position of each table 34 and a reference value (e.g., 0) of the
encoder 48. It 1s generally difficult to assemble a servomotor
with a position detector which detects a rotation position of
the motor, such that a reference position of the motor
accurately coincides with that of the position detector.
Therefore, 1t cannot be said that the respective output values
of the four absolute encoders 48 accurately represent the
respective current positions of the four tables 34. The
above-indicated output values of the four encoders 48 stored
in the non-volatile memory of the main controller 80 are
utilized for calculating respective target rotation positions of
the four servomotors 46, respectively. Thus, the EC supply-
ing cartridge 32 on each component supplying unit 30 is
accurately moved to, and positioned at, the EC supplying
position.

Next, there will be described the operation of the EC
supplying apparatus 12 constructed as described above.

One or more component supplying units 30 are used for
supplying ECs needed for one PC board. In the case where
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two or more component supplymng units 30 are used for
supplying ECs, one of the supplying units 30 is selected and
moved to the EC supplying area for supplying ECs, while
the other supplying unit or units 30 waits or wait in the
waiting areas on both sides of the EC supplying arca. After
the said one unit 30 1s moved back to an appropriate one of
the two waiting areas, the other unit 30 or one of the other
units 30 1s moved to the EC supplying area for supplying
ECs. Each supplying unit 30 supplies ECs while being
moved 1n the EC supplying arca so as to position an
appropriate one of the EC supplying cartridges 32 at the EC
supplying position.

In the present EC supplying apparatus 12, the main
controller 80 judges, before an EC supplying operation 1s
started, whether an EC supplying operation can be started,
based on the respective signals supplied from the four
computers 38. If the computer or computers 38 of one or
more of the four component suction units 40 which is or are
to be used mm the EC supplying operation to be started
supplies or supply the normal cartridge distribution signal
and the normal cartridge setting signal to the main controller
80, the main controller 80 judges that the EC supplying
operation can be started, because there 1s no abnormality
with the cartridges 32 of the unit or units 30 to be used in the
EC supplying operation. Thus, the main controller 80 sup-
plies a command signal to the servomotor control circuit 82
to start the EC supplying operation.

On the other hand, if at least one of the computer or
computers 38 of one or more component suction units 40
which 1s or are to be used 1n the EC supplying operation to
be started supplies the abnormal cartridge distribution signal
and/or the abnormal cartridge setting signal to the main
controller 80, the main controller 80 judges that the EC
supplying operation cannot be started, and does not supply
the command signal to the servomotor control circuit 82.
Thus, the EC supplying operation 1s inhibited. In the latter
case, the main controller 80 operates an alarm device (not
shown) to issue an alarm sound so as to inform an operator
of the occurrence of an abnormality, and operates a display
device (not shown) to display information indicating that an
abnormal cartridge distribution has been identified, infor-
mation indicating one or more particular cartridge setting
arcas 1n which one or more cartridges are erroneously set
and/or one or more particular cartridge setting areas in
which no cartridges are erroneously set, information 1ndi-
cating that at least one abnormal cartridge setting has been
identified, information indicating one or more particular
cartridge setting areas 1n which one or more abnormal
cartridge settings have occurred, and information indicating
the front and/or rear cartridge sensors 36, 37 associated with
the particular cartridge setting area or areas. According to
the mmformation displayed on the display device, the operator
can quickly remove the abnormality or abnormalities by
resetting the particular cartridges 32 in the correct cartridge
setting arecas and/or adjusting the respective setting states of
the particular cartridges 32 such that no excessive spaces are
left under the cartridges 32 set 1n the cartridge setting areas.
Thus, the main controller 80 receives the normal cartridge
distribution signal and the normal cartridge setting signal
from all the computer or computers 38 of one or more
supplying units 30 which 1s or are used 1n the EC supplying
operation to be started.

Hence, the main controller 80 supplies a command signal
to the servomotor control circuit 82 to start the EC supplying
operation.

In the case where an abnormal cartridge distribution
occurs because a cartridge 32 1s set 1n a cartridge setting arca
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in which no cartridge 32 should be set and simultaneously an
abnormal cartridge setting occurs because that cartridge 32
1s 1nappropriately set 1n that cartridge setting area, both the
abnormal cartridge distribution and the abnormal cartridge
setting can be removed by removing that cartridge 32 from
that cartridge setting area. In the case where an abnormal
cartridge distribution occurs because no cartridge 32 1s set in
a cartridge setting area 1n which a cartridge 32 should be set,
the abnormal cartridge distribution can be removed by
setting a cartridge 32 1n that cartridge setting area. In the
latter case, however, 1f the cartridge 32 1s inappropriately set
in that cartridge setting area, the abnormal cartridge setting
signal 1s 1ssued. If the abnormal cartridge setting 1s
climinated, the normal cartridge setting signal 1s 1ssued. In
the case where an abnormal cartridge setting occurs because
onc of the two cartridge-absence flags associated with a
cartridge setting arca 1s set to “1” and the other flag 1s reset
to “0”, the abnormal cartridge setting can be removed by
appropriately resetting the front or rear portion of the
cartridge 32 1n the cartridge setting arca. If this 1s not
possible, the cartridge 32 may be completely removed from
the setting arca and another cartridge 32.

An EC mounting control program which specifies one or
more of the four component supplying units 30, the number
of ECs supplied by one or more of the EC supplying
cartridges 32 of the specified unit or units 30, EC mounting
places where ECs are mounted on a PC board, etc. 1s
selected depending upon the kind of the PC board used.
Various EC mounting control programs are pre-stored 1n the
non-volatile memory of the main controller 80. According to
the selected EC mounting control program, one or more
component supplying units 30 are moved to the EC supply-
ing area for supplying ECs to the PC board.

The detection signals output by the four absolute encoders
48 are supplied to the main controller 80. Based on the
respective current positions of the four component supplying
units 30 and data mdicative of the unit 30 and the cartridge
32 to be used first for supplying ECs, the main controller 80
determines a table speed control pattern which defines an
acceleration value of the table moving servomotor 46 when
the motor 46 1s started, a speed of the motor 46 while the
motor 46 1s rotated 1n a steady state, and a deceleration value
of the motor 46 when the motor 46 1s braked. In addition, the
main controller 80 determines instantaneous torque com-
mand values and supplies those command values to the
servomotor control device 70. Thus, the table moving ser-
vomotor 46 1s started, and the component supplying unit 30
to be used first 1s moved from one of the waiting area to the
EC supplying area so that the EC supplying cartridge 32 to
be used first 1s positioned at the EC supplying position. The
control section 74 of the servomotor control device 70
includes the acceleration sensor 156 as described above. The
current-supply command generator 154 generates a current-
supply command signal based on the current position of the
motor 46, the current acceleration of the table 34, and the
current torque command signal. Thus, the speed of move-
ment of the table 34 1s accurately changed according to the
predetermined table speed control pattern, and the compo-
nent supplying unit 30 1s moved with reduced vibration.

In many cases, a component supplying unit 30 includes a
plurality of EC supplying cartridges 32. In those cases, after
one of the cartridges 32 has supplied ECs, the table 34 of the
unit 30 1s moved so that the other or another cartridge 32 1s
moved to the EC supplying position. Before this movement
of the table 34, the main controller 80 determines a table
speed control pattern. In the latter case, however, the dis-
tance of movement of the table 34 1s short, and accordingly
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the determined speed control pattern consists of an accel-
eration control and a deceleration control only. This move-
ment 15 controlled based on the detected acceleration value.

After a component supplying unit 30 has ended supplying
ECs, the unit 30 1s moved from the EC supplying area to an
appropriate one of the two waiting areas. In this case, too,
the main controller 80 determines a table speed control
pattern, and determines a current-supply command signal
based on the detected acceleration value. Thus, the table 34

1s moved with reduced vibration. In the case where another
or second unit 30 1s used to supply ECs, the preceding or first
unit 30 1s moved to one of the two waiting areas which does
not interfere with the movement of the second unit 30. At the
end of the EC supplying of the first unit 30, the second unit
30 1s moved from the other waiting area to the EC supplying
arca and waits for supplying ECs. When the first unit 30 1s
moved from the EC supplying area to the said one waiting
arca, concurrently the second unit 30 waiting 1s moved so
that the EC supplying cartridge 32 to be used first for
supplying ECs 1s moved to the EC supplying position.

When one of the four component supplying units 30 1s
moved or when two or more units 30 are concurrently
moved, an abnormality may occur to the table moving
servomotor or motors 46, the absolute encoder or encoders
48, etc. In this case, the two or more units 30 moving, the
unit 30 moving and the unit 30 stopped, or the unit 30
moving and the support member 62 may come near to each
other beyond a permissible small distance. However, this 1s
detected by an appropriate one of the five small-distance
sensors 64. The respective detection signals output from the
four sensors 64 mounted on the four tables 34 are transmit-
ted from the computers 38 to the main controller 80 via the
communication sections 72 and the no-connection informa-
fion transmitting device 88. The detection signal of the
sensor 64 provided on one of the support members 62 is
directly sent to the main controller 80. The main controller
80 outputs, based on the signals supplied from the sensors
64, a motor stop command to the servomotor control circuit
82, so that one or more units 30 moving 1s stopped to avoid
collision. This abnormality may be detected by the sensor 64
mounted on the table 34 moving, or the table 34 stopped or
the support member 62. Since, however, the main controller
80 has the information about which unit or units 30 1s or are
now moving, the main controller 80 can identify which unit
or units 30 should be stopped to avoid collision, whichever
sensor 64 supplies an abnormal detection signal to the
controller 80.

In the case where two or more EC supplying units 30 are
moved to the EC supplying arca one after another for
supplying ECs, a small-distance sensor 64 may detect an
abnormally small distance between the first or preceding
unit 30 and the second or following unit 30, when the second
unit 30 1s moved to the EC supplying area though the first
unit 30 remains 1n the EC supplying area. In this case, too,
the second unit 30 1s stopped based on the detection signal
supplied from the sensor 64. After the first unit 30 1s moved
away, the second unit 30 1s moved from that position so that
the cartridge 32 to be used first 1s positioned at the EC
supplying position for supplying ECs to the EC mounting
apparatus 10.

As 1s apparent from the foregoing description, in the
present embodiment, the four servomotor control devices 70
provide movable-member-side control devices; and the main
controller 80 and the servomotor control circuit 82 cooperate
with each other to provide a frame-member-side control
device. A portion of the main controller 80 which inhibits,
based on the signals supplied from the abnormal cartridge
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distribution sensors 40 and the abnormal cartridge setting
sensors 42, the component supplying units 30 from supply-
ing the ECs provides an inhibiting device; the inhibiting
device cooperates with the sensors 40, 42 to provide a
cartridge-setting-state detecting device.

Referring next to FIG. 7, there will be described another
control circuit employed 1 a second embodiment of the
present 1nvention, for conftrolling each one of four table
moving servomotors 46 which are provided on four movable
tables 34, respectively. The same reference numerals as used
for the first embodiment shown in FIGS. 1-6 are used to
designate the corresponding elements or parts of the second
embodiment, and the description thereof 1s omitted from the
following description that relates only to the differences
between the first and second embodiments.

In the second embodiment, a main controller 80 provided
on the side of a frame member including a base 58 supplies,
to each one of four component supplying units 30 via a
no-connection information transmitting device 88, (a) a
target-position signal indicative of a target rotation position
of a corresponding one of the four servomotors 46 and (b)
a rotation-speed signal indicative of a steady-state rotation
speed of the same motor 46. The main controller 80 receives,
from the side of the component supplying units 30, via the
no-connection information transmitting device 88, (c)
operation-end information indicating that the motor 46 has
been rotated to the target rotation position (strictly, to within
a tolerable-error range around the target position) and (d)
abnormality-detection information indicating that an abnor-
mal operation of the motor 46 has been detected.

In the second embodiment, an intelligent control section
204 including a computer 200 and a digital to analog (D/C)
converter 202 1s provided on each one of the respective
tables 34 of the units 30. The computer 200 determines,
based on the target-position command value and rotation-
speed command value supplied via the information trans-
mitting device 88, a table speed control pattern including the
acceleration of rotation of the table moving servomotor 46
when the motor 46 1s started, the speed of rotation of the
motor 46 1n a steady state, and the deceleration of rotation
of the motor 46 when the motor 46 1s braked. The computer
200 1s supplied with a digital value from an absolute encoder
48 and determines instantancous torque command values
based on the thus determined table speed control pattern and
the digital values indicative of the rotation positions of the
motor 46.

A torque command value output from the computer 200 1s
converted by the D/A converter 202 1nto a torque command
signal 1n the form of an analog signal, which 1s supplied to
a current-supply command generator 154. The command
generator 154 is connected to an F/V (frequency to voltage)
converter 206 which converts the frequency of pulse signals
supplied from an incremental encoder 50 of the absolute
encoder 48, into a voltage whose magnitude 1s proportional
to the rotation speed of the motor 46. The current-supply
command generator 154 generates a current-supply com-
mand signal based on the torque command signal from the
D/A converter 202 and the voltage from the F/F converter
206. The control operations following the above-described
operations are the same as those described previously for the
first embodiment, and accordingly the description thereof 1s
omitted.

In the first embodiment shown 1in FIGS. 1-6, the main
controller 80 provided on the side of the frame member
including the base 58 has the function of determining a table
speed control pattern for each of the servomotors 46, and
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determines, according to the determined control pattern,
instantaneous command signals corresponding to target
rotation positions that change as time elapses. The thus
determined command signals are supplied to the position
amplifier 100. In contrast, 1n the present embodiment, the
computer 200 of the intelligent section 204 of each compo-
nent supplying unit 30 has the function of determining a
table speed control pattern for a corresponding one of the
motors 46. Accordingly, the mmformation supplied from the
side of the frame member including the base 38 to each
component supplying unit 30 via the no-connection infor-
mation transmitting device 88, contains only the information
indicative of the final target rotation position of the motor 46
and the information indicative of the steady-state rotation
speed of the same 46. The information supplied from the
side of each unit 30 to the side of the frame member,
contains only the operation-end information and
abnormality-detection information described previously. In
the second embodiment, therefore, the frequency of mfor-
mation transmission 1s reduced, and the main controller 80
can use an increased time for carrying out other operations
than the information transmission.

The computer 200 of each umit 30 identifies, based on
detection signals supplied from pairs of front and rear
cartridge sensors 36, 37, a cartridge distribution state 1n
which EC supplying cartridges 32 are distributed on the
table 34, and judges whether each cartridge 32 1s appropri-
ately set 1n a corresponding cartridge setting area on the
table 34. The computer 200 supplies a normal or abnormal
cartridge distribution signal and a normal or abnormal
cartridge setting signal to the main controller 80. If all the
units 30 to be used 1 an EC supplying operation supplies
normal signals to the main controller 80, the controller 80
permits those units 30 to supply ECs to the EC mounting,
apparatus 10. However, if at least one of the units 30 to be
used, the controller 80 inhibits those units 30 from supplying,
ECs. Alternatively, the computer 200 may be modified such
that, when an abnormality i1s detected, the computer 200
supplies an abnormality-detection signal to the main con-
troller 80 and inhibits the motors 46 of those units 30 from
being rotated.

The computer 200 receives a detection signal from a
small-distance sensor 64. If the sensor 64 supplies an
abnormality-detection signal to the computer 200 while the
table 34 1s moved, the computer 200 stops the rotation of the
motor 46, thereby stopping the movement of the table 34. In
the case where the sensor 64 of the unit 30 being stopped
detects an abnormally small distance from the unit 30
moving, the computer 200 of the unit 30 stopped transmits
an abnormality-detection signal to the main controller 80 via
the no-connection information transmitting device 88, so
that the controller 80 supplies a stop command to the unit 30
moving toward the unit 30 stopped, thereby avoiding a
collision of the two units 30.

In the second embodiment, the communication between a
communication control section 84 and each of respective
communication sections 72 of the four component supplying
units 30 1s performed as follows:

The main controller 80 periodically performs an informa-
fion transmitting operation at a regular interval of time. Each
information transmitting operation 1s finished 1 a time
duration (hereinafter, referred to as the “allowed communi-
cation time”) which is sufficiently shorter than the above-
indicated regular interval. Thus, the information transmuit-
fing communication between the communication control
section 84 and each communication section 72 is finished
within the allowed communication time.
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In the case where the main controller 80 has information
to be transmitted, first, the controller 80 transmits the
information via the communication control section 84 and,
then, each of the communication sections 72 supplies the
operation-end and/or abnormality-detection information to
the main controller 80. Thus, strictly, in the present
embodiment, the EC supplying apparatus employs a “semi1”-
two-way communication method.

First, based on an address code added to the head of
information supplied from the main controller 80 to the
communication control section 84, the control section 84
sends an addressee signal indicative of a particular one of the
four communication sections 72 to which the information 1s
to be transmitted. Thus, the particular one section 72 1s made
ready for receiving the information, and sends back a ready
signal to the communication control section 84. In response
thereto, the control section 84 supplies information 1ndica-
tive of a target rotation position of the servomotor 46 and
information 1ndicative of a steady-state rotation speed of the
same 46 needed to reach the target rotation position, and
additionally supplies immformation used for error checking.
More specifically described, the main controller 80 supplies,
to the communication control section 84, the data indicative
of the target rotation position and the data indicative of the
stecady-state rotation speed, and additional data relating to
the error checking (e.g., cyclic code obtained by treating,
using a specific binary polynomial, data in a data block).

Thus, a redundancy check (e.g., cyclic redundancy check,
CRC) is performed.

Accordingly, each communication section 72 performs

the redundancy check after receiving the motor control
information from the communication control section 84, and

sends back, to the control section 84, information 1indicating
that the communication section 72 has received the infor-

mation appropriately or mappropriately.

One or more of the four communication sections 72 which
corresponds or correspond to one or more servomotors 46
which has or have finished an operation, or suffered an
operational abnormality, after the preceding allowed com-
munication period has elapsed, transmits or transmit a call
signal to call the communication control section 84, after the
communication caused by the control section 84 has ended.
In response thereto, the control section 84 sends back a
ready signal to that or those communication sections 72,
which or each of which then transmits operation-end and/or
abnormality-detection information with a sender signal
indicative of itself as the sender.

Coded signals such as ASCII (American National Stan-
dard Code for Information Interchange) coded signals are
used for all the communications between the communication
control section 84 and each of the communication sections
72 via the no-connection information transmitting device 88.
Parallel coded signals are converted 1nto serial coded signals
by a parallel to serial converter (not shown), and the serial
coded signals are amplitude-modulated or frequency-
modulated and then are transmitted in a wireless manner by
the no-connection information transmitting device §8.
Subsequently, the received serial coded signals are demodu-
lated and then converted into the parallel coded signals
again.

In the second embodiment, the communication control
section 84 supplies information indicative of the final target
rotation position and steady-state rotation speed of each
servomotor 46. Based on that information, the intelligent
control section 204 of each EC mounting unit 30 determines
a table speed control pattern and controls each servomotor
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46 according to the determined control pattern. However, it
1s possible to modily the present embodiment such that a
table speed control pattern 1s determined on the side of the
frame member including the base 58 and the control section
84 supplies command values indicative of instantaneous
target rotation positions of each servomotor 46, according to
the determined control pattern. The instantaneous target
rotation positions correspond to vary short intervals of time,
respectively. In the latter case, 1t 1s preferred that the
intelligent control section 204 provided on each table 34 be
replaced by a smoothing device which produces a signal
indicative of a smoothed target rotation position obtained by
smoothing a predetermined number of 1nstantaneous target
rotation positions that gradually change at very short inter-
vals. Otherwise, the 1ntelligent control section 204 may be
omitted without employing anything in place of the same
204. In the latter case, the output values of the absolute
encoders 48 are supplied from the side of the tables 34 to the
side of the frame member including the base 58 via the
no-connection mformation transmitting device 88.

In the second embodiment, when each of the four com-
munication sections 72 has information to be transmitted to
the communication control section 84, that communication
section 72 calls the control section 84. However, 1t 1S
possible to modify the second embodiment such that each
fime the control section 84 supplies mmformation to each
communication section 72, that communication section 72
supplies, to the control section 84, information which may
include (a) information indicating that the corresponding
servomotor 46 has been rotated to a prior commanded target
rotation position and/or (b) information indicating that an
abnormality has occurred during the rotation toward the
target rotation position, after the transmission of information
from the control section 84 to that communication section 72
has ended. In the latter case, each communication section 72
neced have the function of calling the control section 84,
thereby contributing to simplifying the present communica-
fion system. This communication manner 1s not suitable for
the second embodiment wherein the a communication con-
trol section 84 supplies a final target rotation position and a
steady-state rotation speed for each of the servomotors 46,
to a corresponding one of the communication sections 72,
and 1s suitable for the first embodiment wherein the com-
munication control section 84 supplies 1nstantaneous target
rotation positions of each servomotor 46. In the former case,
since the frequency of information supplying from the
control section 84 1s low, it may take a long time for each
communication section 72 to supply information to the
control section 84 and accordingly the main controller 80
may receive delayed mformation idicative of an operating
state of each servomotor 46. In contrast, in the latter case, the
frequency of information supplying from the control section
84 1s very high and accordingly the main controller 80 can
receive, without delay, information indicative of an operat-
ing state of each servomotor 46.

Referring next to FIGS. 8A to 8D, there will be described
a linear motor 210 which 1s employed 1n place of each of the
four table moving servomotors 46 1 another EC supplying
apparatus as a third embodiment of the present invention.
The same reference numerals as used in the first embodi-
ment shown 1 FIGS. 1 to 6 are used to designate the
corresponding elements or part of the third embodiment.

The linear motor 210 is a PM (permanent magnet) type
linear motor. FIGS. 8A to 8D show the manner 1n which the
linear motor 210 operates. The linear motor 210 1ncludes a
stationary member 1n the form of a stator core 212 which 1s
fixed to a frame member (including a base 58) of the present
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EC supplying apparatus as the third embodiment. The linear
motor 210 further includes a mover 214 1n the form of a
toothed member which is fixed to a movable table 34 of each
of four component supplying units 30. The mover 214 has a
yoke 216 to which a permanent magnetic 218 1s fixed. A first
core 220 and a second core 222 are fixed to the permanent
magnet 218. The magnetic flux from the S pole to the N pole

of the permanent magnet 218 1s indicated at arrow 1n the
figures. The first core 220 has two teeth 224, 226, and the

second core 222 has two teeth 228, 230. A first coil 232 1s
wound around the two teeth 224, 226 such that the two teeth
224, 226 have opposite polarities, respectively, and a second

coll 236 1s wound around the teeth 228, 230 such that the
two teeth 228, 230 have opposite polarities, respectively.

The stator core 212 has an elongate shape and has a

number of teeth 240 which are opposed to the teeth 224230
of the mover 214.

When an electric current 1s applied to the first coil 232 1n
one direction indicated in FIG. 8A, the mover 214 1s stopped
at a position shown 1n Fig. FIG. 8A, because the electric
current strengthens the magnetic flux of the permanent
magnet 218 1n the tooth 224. When an electric current 1s
applied to the second coil 236 1n one direction 1ndicated 1n
FIG. 8B, the mover 214 1s stopped at a position shown 1n
Fig. FIG. 8B, because the electric current strengthens the
magnetic flux of the permanent magnet 218 1n the tooth 230.
When the electric current 1s applied to the first coi1l 232 1n the
opposite direction indicated 1n FIG. 8C, the mover 214 1s
stopped at a position shown 1 Fig. FIG. 8C, because the
clectric current strengthens the magnetic flux of the perma-
nent magnet 218 1n the tooth 226. When the electric current
1s applied to the second coil 236 in the opposite direction
indicated in FIG. 8D, the mover 214 1s stopped at a position
shown 1n Fig. FIG. 8D, because the electric current strength-
ens the magnetic flux of the permanent magnet 218 in the
tooth 228. Thus, the component supplying unit 30 or the
movable table 34 to which the mover 214 1s fixed can be
moved to any desired position relative to the stator core 212
by controlling the supplying or cutting of electric currents to
or from the two coils 232, 236 of the mover 214 and
changing the directions of each of the electric currents. The
teeth 240 of the stator core 212 are provided at a predeter-
mined pitch, and the four teeth 224—-230 are provided at a
predetermined different pitch.

While the present invention has been described in its
preferred embodiments, 1t 1s to be understood that the
invention may otherwise be embodied.

For example, the combination of the nuts 44 and the ball
screw 60 employed 1n the first embodiment may be replaced
by the combination of pinions and a rack.

In each of the 1illustrated embodiments, each of the
table-side sending and receiving coils 90 of the no-wire-
connection information transmitting device 88 1s covered by
the shield member and 1s disposed at the position adjacent to
the table-side secondary core 122 of the no-wire-connection
electricity supplying device 110, and the frame-member-side
sending and receiving coil 92 1s covered by the shield
member. However, 1t 1s possible that each table-side coil 90
be not covered by any shield member and be disposed at a
position away from the secondary core 122 and that the
frame-member-side coil 92 be not covered by any shield
member. Alternatively, the coils 90, 92 may be covered by
shield members, and may be disposed at positions away
from the secondary cores 122.

In each of the 1llustrated embodiments, each of the table
moving servomotors 46 1s feed-back controlled by detecting



3,949,681

31

the rotation position and speed thereof. However, it 1s not
essentially required. Each motor 46 may be open-loop
controlled. In the latter case, if each of the component
supplying units 30 need not send back a ready signal when
rece1ving information from the side of the frame member 58
and simultaneously 1f each unit 30 need not send any signals
including abnormality-detection signals to the side of the
frame member 38, 1t 1s possible to modity each of the
communication sections 72 not to have the mformation

transmitting function and modify the communication control
section 84 not to have the information receiving function,
thereby simplifying the construction of the communication
system.

In the first embodiment shown 1n FIGS. 1 to 6, the main
controller 80 determines a table speed control pattern for
cach of the table moving servomotors 46, and determines
instantaneous target rotation positions of each motor 46.
However, 1t 1s possible that the main controller 80 be
adapted to have only the function of determining speed
control patterns and that a speed control computer be
additionally employed which determines and commands
instantaneous target rotation positions of each motor 46
according to a speed control pattern determined by the main
controller 80. This speed control computer may be com-
monly used with two or more or all of the component
supplying units 30, or otherwise each unit 30 may be
provided with one such speed control computer.

In each of the illustrated embodiments, the number of
turns of the primary coil 116 of the non-wire-connection
clectricity supplying device 110 1s equal to that of the
secondary coil 132. However, 1n the case where there 1s a
need to transform the electric voltage, 1t 1s possible to
employ the combination of primary and secondary coils
which have different numbers of turns.

In each of the 1illustrated embodiments, each of the
computers 38 has the same number of cartridge-absence
flags as that of the front and rear cartridge sensors 36, 37 in
total, 1.e., two flags for each EC supplying cartridge 32.
Therefore, each computer 38 can 1dentity, with accuracy,
whether or not a cartridge 32 1s set 1n each cartridge setting,
arca on a corresponding table 34. For example, even 1n the
case where a cartridge 32 1s abnormally or mappropriately
set 1n a cartridge setting area such that one of the front and
rear portions of the cartridge 32 1s completely offset from the
optical axis of the light emitter and receiver of a correspond-
ing one of the front and rear cartridge sensors 36, 37, the
other cartridge sensor 36, 37 can detect that the cartridge 32
1s set 1n the cartridge setting area, because the two cartridge
sensors 36, 37 are associated with the cartridge setting area.
In this case, if only a single cartridge sensor 1s provided for
a cartridge setting arca, the computer 38 may erroneously
identify that no cartridge 32 1s set in the cartridge setting
arca although, 1n fact, a cartridge 32 1s set. However, 1t 1s not
essentially required that two cartridge absence flags be used
for each cartridge setting arca. A single flag may be used
with each cartridge setting area. In the latter case, the setting,
and resetting of each flag 1s performed based on the light
amount received by the light receiver of one of the front and
rear cartridge sensors 36, 37 corresponding to that flag.
Thus, 1 the latter case, too, the presence or absence of a
cartridge 32 can be quickly idenfified. Alternatively, the
setting and resetting of each flag may be performed based on
the respective light amounts received by a the respective
light receivers of the front and rear cartridge sensors 36, 37
corresponding to that flag.

In each of the illustrated embodiments, each of the
computers 38 performs the setting or recessing of each of all
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the normal-cartridge-setting flags whose total number 1is
equal to that of the front and rear cartridge sensors 36, 37.
However, 1t 1s possible to modily each computer 38 to
perform the setting or resetting of each of only the flags
which are associated with the cartridge setting areas other
than the cartridge setting arcas for each of which the
computer 38 has judged that no cartridge 32 1s set therein.

In each of the 1llustrated embodiments, 1n the case where
two or more component supplying units 30 are used for
employing ECs, the units 30 are moved to the EC supplying
arca, one by one. However, 1t 1s possible that all the units 30
to be used be gathered 1n the EC supplying area and those
units 30 be moved 1n synchronism with each other, as 1f they
were a unit, so that each of the cartridges 32 to be used may
be moved to the EC supplying position.

In each of the 1illustrated embodiments, each of the
component supplying units 30 supplies ECs to the EC
mounting apparatus 10 while each unit 30 1s moved 1n one
direction. However, 1t 1s possible that each unit 30 supply
ECs while being moved 1n opposite directions.

In each of the illustrated embodiments, 1if a component
supplying unit 30 moving comes near to another unit 30 or
cach support member 62, beyond a predetermined permis-
sible small distance, the unit 30 moving 1s stopped. The
permissible small distance 1s predetermined irrespective of
the speed of movement of the unit 30. However, 1t 1s possible
to change the permissible small distance depending upon the
speed of movement of the unit 30. In the latter case, for
example, a plurality (e.g., two) of small-distance sensors
having different permissible small distances are provided on
cach table 34. If a first unit 30 comes near to a second unit
30 beyond the longer one of the two permissible small
distances, this 1s detected by one of the two sensors which
have the longer permissible distance. Since the main con-
troller 80 has the imformation indicative of the speed of
movement of the first unit 30, the controller 80 stops, in
response to the detection signal from the said one sensor
only, the movement of the first unit 30, if the speed of
movement thereof 1s higher than a reference value. On the
other hand, 1f the speed of movement of the first unit 30 is
not higher than the reference value, the controller 80 does
not stop the movement of the first unit 30 and, when the first
unit 30 comes near to the second unit 30 beyond the shorter
permissible distance, the controller 80 stops the first unit 30.
This 1s advantageous because each unit 30 can be securely
stopped even 1f being moved at high speeds and simulta-
neously the shorter one of the two permissible small dis-
tances can be minimized. Thus, 1n the case where two or
more units 30 are moved to the EC supplying area, one by
one, for supplying ECs to the EC mounting apparatus 10, the
distance between a unit 30 which 1s supplying ECs at a
position 1n the EC supplying area and another unit 30 which
1s waiting at another position 1n the EC supplying area, can
be minimized. Accordingly the time needed to change the
two units 30 with each other can be minimized.

The two or more small-distance sensors having the dif-
ferent permissible small distances may be replaced by a
single distance sensor, such as an ultrasonic sensor, for
detecting the distance between adjacent two units 30. In this
case, 1t 1s possible to change the permissible small distance
of the distance sensor 1n many steps or continuously. The
speed of relative movement of the adjacent two units 30 can
be calculated as the rate of change of the distance between
the two units 30. As the relative-movement speed increases,
the permissible small distance increases. Thus, one or both
of the two units 30 1s or are stopped with reliability before
collision.
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In the first embodiment shown 1n FIGS. 1-6, when a first
unit 30 being stopped detects that a second unit 30 comes
near thereto beyond a permissible small distance, the main
controller 80 may output a stop command to stop the second
unit 30, if the speed of movement of the second unit 30 1s
orcater than a reference value, since the controller 80 has the
information indicative of the speed of movement of each
unit 30. Meanwhile, 1n the second embodiment shown 1n
FIG. 7, the respective computers 200 of all the units 30 may
interchange 1nformation with each other via the main con-
troller 80 so that each computer 200 may stop the corre-
sponding unit 30 1f the speed of movement thereof 1s greater
than a reference value.

In each of the illustrated embodiments, if an excessively
short distance between adjacent two units 30 1s detected
when one or both of the two units 30 1s moved, the main
controller 80 may stop all the movable members of the EC
supplying apparatus 12 and the EC mounting apparatus 10,
for example, the PC board moving device, the carrier-tape
feeding device, and the index table 14.

In each of the 1llustrated embodiments, 1n the case where
two or more units 30 are used for supplying ECs in an EC
supplying operation, the EC supplying operation 1s not
started 1f an abnormal cartridge distribution or an abnormal
cartridge setting 1s detected from at least one of the units 30
to be used. However, 1n the case where the abnormality 1s
detected from, ¢.g., the last unit 30 1n the order of use, the
EC supplying operation may be started with the normal unit
or units 30. In the latter case, an inhibition command 1s
output to inhibit the operation of the table moving servo-
motor 46 of the last unit 30, and the operator 1s informed of
the detection of abnormality so that he or she may remove
the abnormality while the EC supplying operation 1s per-
formed with the normal unit or units 30.

In each of the 1llustrated embodiments, it 1s preferred that
the light amount received by the light receiver of each
cartridge sensor 36, 37 be calibrated periodically by setting
a cartridge 32 1n a normal posture 1n each cartridge setting
arca on each table 34. This calibration 1s to adjust the normal
light-amount range of each sensor 36, 37 that 1s used as a
reference range for judging whether a cartridge 32 1s set 1n
a normal posture 1n the cartridge setting area with which that
sensor 36, 37 1s associated.

In each of the illustrated embodiments, the tape feeding
device which feeds the EC carrier tape on each EC supplying
cartridge 32 is driven by a driving device (not shown) which
drives the index table 14. However, the tape feeding device
may be driven by an electrically-operated actuator such as
an electric motor. In the latter case, the electric actuator
operates on the electric energy supplied by the no-wire-
connection electricity supplying device 110, so that the tape
feeding device feeds the EC carrier tape. Thus, the tape
feeding device may feed the EC carrier tape at an appropri-
ate timing independent of the timing when each component
suction head 20 of the index table 14 picks up an EC from
the carrier tape.

In each of the 1illustrated embodiments, the radio-
communication-type no-wire-connection mformation send-
ing device 88 1s employed. However, 1t 1s possible to employ
an optical-communication-type no-wire-connection infor-
mation transmitting device.

The principle of the present invention may be applicable
to an EC supplying apparatus which supplies ECs to an EC
mounting apparatus which 1s moved 1n a direction perpen-
dicular to the direction of movement of component supply-
ing units of the EC supplying apparatus 1n a horizontal plane
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and which mounts ECs on a PC board which 1s moved in a
direction parallel to the direction of movement of the
supplying units. Otherwise, the principle of the present
invention may be applicable to an EC supplying apparatus
which supplies ECs to an EC picking-up apparatus which
picks up the ECs from EC supplying cartridges of the EC
supplying apparatus for purposes other than the purpose of
mounting the ECs on an object such as a PC board.

It 1s to be understood that the present invention may be
embodied with other changes, improvements, and modifi-
cations that may occur to those skilled 1n the art without
departing from the spirit and scope of the invention defined
in the appended claims.

What 1s claimed 1s:

1. An electronic component supplying apparatus, com-
prising:

a frame member;

a plurality of electronic component supplying units which
are supported by said frame member, each of said units
comprising (a) a plurality of electronic component
supplying cartridges each of which carries a plurality of
clectronic components and includes a component sup-
plying portion from which said each cartridge supplies
cach of said components, and (b) a movable member on
which said cartridges are set such that the respective
component supplying portions of said cartridges are
arranged along a reference line, said movable member
being movable along said reference line;

a plurality of movable-member-side drive sections each of
which 1s provided on a corresponding one of the
respective movable members of said units;

a frame-member-side drive section which 1s provided on
said frame member and which 1s elongate along said
reference line and cooperates with said each movable-
member-side drive section to move said corresponding
one movable member;

a plurality of movable-member-side control devices each
of which 1s provided on said corresponding one mov-
able member and which controls said each movable-
member-side drive section;

a power source which 1s provided stationarily with respect
to said frame member and which provides an electric
CNergy;

a frame-member-side control device which 1s provided
stationarily with respect to said frame member;

an eclectricity supplying device which includes a first
supplying section provided on said frame member and
a plurality of second supplying sections each of which
1s provided on said corresponding one movable
member, said electricity supplying device having no
wire connection between said first supplying section
and said each second supplying section, and supplying,
said electric energy from said power source to said each
movable-member-side control device, while permitting
said corresponding one movable member to be moved
along said reference line; and

an mformation transmitting device which includes a first
transmitting section provided on said frame member
and a plurality of second transmitting sections each of
which 1s provided on said corresponding one movable
member, said mnformation transmitting device having
no wire connection between said first transmitting
section and said each second transmitting section, and
transmitting, from said frame-side control device to
said each movable-member-side control device, infor-
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mation needed to control said each movable-member-
side drive section, while permitting said corresponding
one movable member to be moved along said reference
line.

2. An apparatus according to claim 1, wherein said each
movable-member-side drive section comprises a rotary
engaging member which 1s attached to said corresponding
one movable member such that said engaging member 1is
rotatable about an axis line thereof, and an electric actuator
which 1s provided on said corresponding one movable
member and which rotates said rotary engaging member
under control of said each movable-member-side control
device, and wherein said frame-member-side drive section
comprises an elongate engaging member which 1s elongate
along said reference line and 1s held 1n engagement with said
rotary engaging member of said each movable-member-side
drive section.

3. An apparatus according to claim 2, wherein said rotary
engaging member comprises an 1nternally threaded nut and
said eclongate engaging member comprises an externally
threaded screw.

4. An apparatus according to claim 2, wherein said rotary
engaging member comprises a pinion and said elongate
engaging member comprises a rack.

5. An apparatus according to claim 1, further comprising,
an acceleration detector which detects an acceleration value
of said corresponding one movable member, and an accel-
eration control device which controls an acceleration of said
corresponding one movable member, based on the detected
acceleration value, according to a reference acceleration
control pattern.

6. An apparatus according to claim 1, further comprising
a small-distance judging device which 1s provided on at least
one of said units and which judges whether a distance
between said at least one unit and an adjacent one of said
units 1s shorter than a reference distance, and a collision
preventing device which controls, when said judging device
makes a positive judgment, the movement of at least one of
said at least one unit and said adjacent one unit, so as to
prevent a collision of said at least one unit and said adjacent
one unit.

7. An apparatus according to claim 1, further comprising,
a cartridge-setting-state detecting device which detects a
cartridge setting state 1n which at least one of said cartridges
1s set on said movable member of said each unit.

8. An apparatus according to claim 7, wherein said
cartridge-setting-state detecting device comprises an
abnormal-cartridge-setting detector which detects an abnor-
mal cartridge setting 1n which said at least one cartridge 1s
abnormally set on said movable member of said each unit
and provides an abnormality detection signal indicating that
said abnormal-cartridge-setting detector has detected said
abnormal cartridge setting, and wherein the apparatus fur-
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ther comprises an inhibiting device which inhibits, when
sald abnormal-cartridge-setting detector provides said
abnormality detection signal, said each unit from supplying
said each component.

9. An apparatus according to claim 7, wherein said
cartridge-setting-state detecting device comprises a
cartridge-distribution detector which detects a cartridge dis-
tribution 1n which said cartridges are distributed on said
movable member of said each unit, and wherein the appa-
ratus further comprises an inhibiting device which inhibats,
when the detected cartridge distribution 1s not 1dentical with
a reference cartridge distribution, said each unit from sup-
plying said each component.

10. An apparatus according to claim 1, wherein said each
cartridge comprises a tape feeding device which feeds a tape
having a plurality of pockets 1n which said electronic
components are accommodated, respectively, said tape feed-
ing device intermittently feeding said tape at a feeding pitch
which 1s equal to a distance between each pair of adjacent
two pockets of the tape.

11. An apparatus according to claim 1, wheremn said
information transmitting device comprises-means for
transmitting, from said frame-side control device to said
cach movable-member-side control device, said information
including control information and addressee information
indicative of a particular one of said movable-member-side
control devices to which said control information 1s to be
transmitted to control the movable-member-side drive sec-
tion corresponding to said particular one movable-member-
side control device.

12. An apparatus according to claim 1, wherein said first
fransmitting section comprises a first sending and receiving
unit, and wheremn said each second transmitting section
comprises a second sending and receiving unit which sends,
to said first sending and receiving unit, information includ-
ing (a) operating-state information relating to an operating
state of a corresponding one of said units and (b) sender
information indicative of said corresponding one unit from
which said operating-state information 1s to be sent to the
first sending and receiving unit.

13. An apparatus according to claim 1, wherein said each
movable-member-side drive section comprises a first
toothed member which 1s fixed to said corresponding one
movable member and which includes a plurality of teeth and
an energizing coil which energizes said first toothed
member, and wherein said frame-member-side drive section
comprises a second toothed member which 1s fixed to said
frame member and which includes a plurality of teeth which
are opposed to said teeth of said first toothed member, said
first and second toothed members cooperating with each
other to provide a linear motor.
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